me) 
FUJITSU 


MPA3017AT 
MPA3026AT 
MPA3035AT 
MPA3043AT 
MPA3052AT 


DISK DRIVES 
PRODUCT MANUAL 


C141-E034-02EN 


REVISION RECORD 
os 


August, 1997 


Specification No.: C141-E034-**EN 


C141-E034-02EN 


The contents of this manual is subject to change 
without prior notice. 


All Rights Reserved. 
Copyright © 1997 FUJITSU LIMITED 


PREFACE 
This manual describes the MPA3017AT/MPA3026AT/MPA3035AT/MPA3043AT/MPA3052AT, a 
3.5-inch hard disk drive with a BUILT-IN controller that is compatible with the ATA interface. 
This manual explains, in detail, how to incorporate the hard disk drives into user systems. 


This manual assumes that users have a basic knowledge of hard disk drives and their application in 
computer systems. 


This manual consists of the following six chapters: 


Chapter 1 DEVICE OVERVIEW 

Chapter 2 DEVICE CONFIGURATION 
Chapter 3 INSTALLATION CONDITIONS 
Chapter 4 THEORY OF DEVICE OPERATION 
Chapter 5 INTERFACE 

Chapter 6 OPERATIONS 

Chapter 7 MISCELLANEOUS 


In this manual, disk drives may be referred to as drives or devices. 
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Conventions for Alert Messages 


This manual uses the following conventions to show the alert messages. An alert message consists of an 
alert signal and alert statements. The alert signal consists of an alert symbol and a signal word or just a 
signal word. 


The following are the alert signals and their meanings: 


This indicates a hazarous situation likely to result in serious personal 


A D ANG E R injury if the user does not perform the procedure correctly. 


This indicates a hazarous situation could result in personal injury if the 


AW ARN | NG user does not perform the porocedure correctly. 


This indicates a hazarous situation could result in minor or moderate 


personal injury if the user does not perform the procedure correctly. This 
AC AUTI Oo N alert signal also indicates that damages to the product or other property, 
may occur if the user does not perform the procedure correctly. 


This indicates information that could help the user use the product more 


IMPORTANT efficiently. 


In the text, the alert signal is centered, followed below by the indented message. A wider line space 
precedes and follows the alert message to show where the alert message begins and ends. The following is 
an example: 
(Example) 
IMPORTANT 
HA (host adapter) consists of address decoder, driver, and receiver. 


ATA is an abbreviation of "AT attachment". The disk drive is 
conformed to the ATA-3 interface 


The main alert messages in the text are also listed in the “Important Alert Items.” 
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LIABILITY EXCEPTION 


"Disk drive defects" refers to defects that involve adjustment, repair, or replacement. 

Fujitsu is not liable for any other disk drive defects, such as those caused by user misoperation or 
mishandling, inappropriate operating environments, defects in the power supply or cable, problems of the 
host system, or other causes outside the disk drive. 
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CHAPTER 1 DEVICE OVERVIEW 


1.1 Features 

1.2 Device Specifications 

1.3 Power Requirements 

1.4 Environmental Specifications 
1.5 Acoustic Noise 

1.6 Shock and Vibration 

1.7 Reliability 

1.8 Error Rate 

19 Media Defects 


Overview and features are described in this chapter, and specifications and power requirement are 
described. 


The MPA3017AT/MPA3026AT/MPA3035AT/MPA3043AT/MPA3052AT is a 3.5-inch hard disk drive 
with a built-in ATA controller. The disk drive is compact and reliable. 


(2) 


(3) 


Features 
Functions and performance 
Compact 


The disk has 1, 2 or 3 disks of 95 mm (3.5 inches) diameter, and its height is 25.4 mm (1 inch). 


Large capacity 

The disk drive can record up to 1,750 MB (formatted) on one disk using the (8/9) PRML recording 
method and 15 recording zone technology. The MPA3017AT, MPA3026AT, MPA3035AT, 
MPA3043AT and MPA3052AT have a formatted capacity of 1,750 MB, 2,625 MB, 3,500 MB, 
4,375MB and 5,250MB respectively. 

High-speed Transfer rate 


The disk drive has an internal data rate up to 14.96 MB/s. The disk drive supports an external data 
rate up to 16.7 MB/s or 33.3 MB/s (ultra DMA mode). 
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(3) 


() 


(2) 


(3) 


(4) 


Average positioning time 

Use of a rotary voice coil motor in the head positioning mechanism greatly increases the 
positioning speed. The average positioning time is 10 ms (at read). 

Adaptability 

Power save mode 

The power save mode feature for idle operation, stand by and sleep modes makes the disk drive 
ideal for applications where power consumption is a factor. 

Wide temperature range 


The disk drive can be used over a wide temperature range (5°C to 55°C). 


Low noise and vibration 

In Ready status, the noise of the disk drive is only about 35 dBA (measured at | m apart from the 
drive under the idle mode). 

Interface 

Connection to interface 

With the built-in ATA interface controller, the disk drive can be connected to an ATA interface of 
a personal computer. 

128-KB data buffer 

The disk drive uses a 128-KB data buffer to transfer data between the host and the disk media. 

In combination with the read-ahead cache system described in item (3) and the write cache 
described in item (6), the buffer contributes to efficient I/O processing. 

Read-ahead cache system 

After the execution of a disk read command, the disk drive automatically reads the subsequent data 
block and writes it to the data buffer (read ahead operation). This cache system enables fast data 
access. The next disk read command would normally cause another disk access. But, if the read 
ahead data corresponds to the data requested by the next read command, the data in the buffer can 
be transferred instead. 


Master/slave 


The disk drive can be connected to ATA interface as daisy chain configuration. Drive 0 is a 
master device, drive 1 is a slave device. 
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(6) 


Error correction and retry by ECC 

If a recoverable error occurs, the disk drive itself attempts error recovery. The 18-byte ECC has 
improved buffer error correction for correctable data errors. 

Write cache 

When the disk drive receives a write command, the disk drive posts the command completion at 


completion of transferring data to the data buffer completion of writing to the disk media. This 
feature reduces the access time at writing. 
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1.2 Device Specifications 
1.2.1 Specifications summary 


Table 1.1 shows the specifications of the disk drive. 


Table 1.1 Specifications 


MPA3017AT MPA3026AT MPA3035AT MPA3043AT MPA3052AT 


Formatted Capacity (*1) 1750.00 MB 2625.00 MB 3500.00 MB 4375.00 MB 5250.01 MB 
a i eee 


Number of Cylinders 


(User + Alternate & SA) 8,713 + 84 


Average Latency 


Positioning time 
¢ Minimum 3 ms typical 
* Average (Read) 10 ms typical, (Write) 12 ms typical 
¢ Maximum (Read) 19 ms typical, (Write) 20 ms typical 


Start/Stop time 
¢ Start (0 rpm to Drive Read) Typical: 10 sec., Maximum: 16 sec. 
* Stop (at Power Down) Typical: 20 sec., Maximum: 26 sec. 


Interface ATA-3 
(Maximum Cable length: 0.46 m) 


Data Transfer Rate 
¢ To/From Media 8.019 to 14.964 MB/s 
¢ To/From Host 16.7 MB/s Max. (burst PIO mode 4, burst DMA mode 2), 
33.3 MB/s Max. (burst ultra DMA mode 2) 


Data buffer 128 MB 


Physical Dimensions 25.4 mm x 101.6 mm x 146.0 mm 
(Height x Width x Depth) (1.0” x 4.0” x 5.75”) 


*1: Capacity under the LBA mode. 
Under the CHS mode (normal BIOS specification), formatted capacity, number of cylinders, number 
of heads, and number of sectors are as follows. 


Model Formatted Capacity No. of Cylinder No. of Heads 


MPA3052AT 5249.66 10,850 
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1.2.2. Model and product number 


Table 1.2 lists the model names and product numbers. 


Table 1.2. Model names and product numbers 


(user area) 
No. 6-32UNC UDMA33 version 
No. 6-32UNC UDMA33 version 
No. 6-32UNC UDMA33 version 
No. 6-32UNC UDMA33 version 
No. 6-32UNC UDMA33 version 


1.3 Power Requirements 


(1) Input Voltage 


© +5V 45% 
e +12V 45% 


(2) Ripple 


ee 


200 mV (peak to peak) 100 mV (peak to peak) 
DC to 1 MHz DC to 1 MHz 
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(3) Current Requirements and Power Dissipation 


Table 1.3 lists the current and power dissipation. 


Table 1.3. Current and power dissipation 


Mode of Typical RMS current (*1) 


Typical Power (*2) 


Operation 


Model MPA MPA All Models MPA MPA 
ere 3026AT 3043AT par 3026AT 3043AT 

MPA MPA MPA MPA 
3035AT 3052AT 3035AT 3052AT 


come up 13A ee 520A 18.2 watts 
1.5 A peak 0.6A ee 


| tale (Ready) (3) | ee c3)| 01200 | | 020A | 120A 0. | oissa | A | onssa | 185A | oa | 443 A } 3.66 watts | 66 } 3.66 watts | } 4.08 watts_| 08 } 4.08 watts_| 4.44 watts | 44 4.44 watts | 


R/W (On Track) 
(#4) 0.130 A 0.160 A 0.190 A 0.620 A 4.66 watts 5.02 watts 5.38 watts 
Seek (Random) 
= 0.370 A 0.380 A 0.425 A 0.520 A 7.04 watts 7.16 watts 7.70 watts 


| standby | 0.01 A | 0400 | 400 A 2.12 watts 


*1 Current is typical rms except for spin up. 


*2 Power requirements reflect nominal values for +12V and +5V power. 


*3 Idle mode is in effect when the drive is not reading, writing, seeking, or executing any 
commands. 


*4 R/W mode is defined as 50% read operations and 50% write operations on a single physical 
track. 


*5 Seek mode is defined as continuous random seek operations with minimum controller delay. 
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(4) Current fluctuation (Typ.) at +5V when power is turned on 


Note: 


Maximum current is 1.5 A and is continuance is 1.5 seconds 


Figure 1.1 Current fluctuation (Typ.) at +5V when power is turned on 


(5) Power on/off sequence 
The voltage detector circuit monitors +5 V and +12 V. The circuit does not allow a write signal if 


either voltage is abnormal. This prevents data from being destroyed and eliminates the need to be 
concerned with the power on/off sequence. 
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1.4 Environmental Specifications 


Table 1.4 lists the environmental specifications. 


Table 1.4 Environmental specifications 


Temperature 
¢ Operating 5°C to 55°C (ambient) 
5°C to 60°C (disk enclosure surface) 
Non-operating —40°C to 60°C 
Thermal Gradient 20°C/h or less 


Operating 8% to 80%RH (Non-condensing) 
Non-operating 5% to 85%RH (Non-condensing) 
Maximum Wet Bulb 29°C 


Altitude (relative to sea level) 
¢ Operating —60 to 3,000 m (—200 to 10,000 ft) 
¢ Non-operating —60 to 12,000 m (—200 to 40,000 ft) 


1.5 Acoustic Noise 


Table 1.5 lists the acoustic noise specification. 


Table 1.5 Acoustic noise specification 


Sound Pressure 


¢ Idle mode (DRIVE READY) 35 dBA typical at 1 m 
¢ Seek mode (Random) 40 dBA typical at 1 m 
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Shock and Vibration 


Table 1.6 lists the shock and vibration specification. 


Table 1.6 Shock and vibration specification 


Vibration (swept sine, one octave per minute) 
¢ Operating 5 to 300 Hz, 0.5G-0-peak 
(without non-recovered errors) 
¢ Non-operating 5 to 400 Hz, 4G-0-peak (no damage) 


Shock (half-sine pulse, 11 ms duration) 


1.7 


(1) 


(2) 


(3) 


¢ Operating 10G (without non-recovered errors) 
¢ Non-operating 75G (no damage) 


Reliability 
Mean time between failures (MTBF) 


The mean time between failures (MTBF) is 500,000 H or more (operation: 24 hours/day, 7 
days/week). 


This does not include failures occurring during the first three months after installation. 


MTBF is defined as follows: 


Total operation time in all fields 
MTBF= ; ; : (H) 
number of device failure in all fields 


"Disk drive defects" refers to defects that involve repair, readjustment, or replacement. Disk drive 
defects do not include failures caused by external factors, such as damage caused by handling, 
inappropriate operating environments, defects in the power supply host system, or interface cable. 


Mean time to repair (MTTR) 

The mean time to repair (MTTR) is 30 minutes or less, if repaired by a specialist maintenance staff 
member. 

Service life 

In situations where management and handling are correct, the disk drive requires no overhaul for 
five years when the DE surface temperature is less than 48°C. When the DE surface temperature 
exceeds 48°C, the disk drives requires no overhaul for five years or 20,000 hours of operation, 


whichever occurs first. Refer to item (3) in Subsection 3.2 for the measurement point of the DE 
surface temperature. 
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Data assurance in the event of power failure 

Except for the data block being written to, the data on the disk media is assured in the event of any 
power supply abnormalities. This does not include power supply abnormalities during disk media 
initialization (formatting) or processing of defects (alternative block assignment). 

Error Rate 

Known defects, for which alternative blocks can be assigned, are not included in the error rate 
count below. It is assumed that the data blocks to be accessed are evenly distributed on the disk 
media. 

Unrecoverable read error 

Read errors that cannot be recovered by maximum 126 times read retries without user's retry and 
ECC corrections shall occur no more than 10 times when reading data of 10’ bits. Read retries are 
executed according to the disk drive's error recovery procedure, and include read retries 
accompanying head offset operations. 

Positioning error 

Positioning (seek) errors that can be recovered by one retry shall occur no more than 10 times in 
10’ seek operations. 


Media Defects 


Defective sectors are replaced with alternates when the disk is formatted prior to shipment from the 
factory (low level format). Thus, the host sees a defect-free device. 


Alternate sectors are automatically accessed by the disk drive. The user need not be concerned 
with access to alternate sectors. 


Chapter 6 describes the low level format at shipping. 
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CHAPTER 2 DEVICE CONFIGURATION 


2.1 
2.2 


Device Configuration 


System Configuration 


2.1 Device Configuration 


Figure 2.1 shows the disk drive. 


motors actuators, and a circulating air filter. 


Figure 2.1 
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The disk drive consists of a disk enclosure (DE), 
preamplifier, and controller PCA. The disk enclosure contains the disk media, heads, spindle 


Disk drive outerview 


(1) 


(2) 


Disk 


The outer diameter of the disk is 95 mm. The inner diameter is 25 mm. The number of disks used 
varies with the model, as described below. The disks are rated at over 40,000 start/stop 
operations. 


MPA3017AT: 1 disk 
MPA3026AT: 2 disks 
MPA3035AT: 2 disks 
MPA3043AT: 3 disks 
MPA3052AT: 3 disks 


Head 


The heads are of the contact start/stop (CSS) type. The head touches the disk surface while the 
disk is not rotating and automatically lifts when the disk starts. 


Figure 2.2 illustrates the configuration of the disks and heads of each model. In the disk surface, 


servo information necessary for controlling positioning and read/write and user data are written. 
Numerals 0 to 5 indicate read/write heads. 
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MPA3017 Model 


Spindle Actuator 
ee = 
0 
MPA3026AT Model MPA3035AT Model 
Spindle Actuator Spindle Actuator 
a 
: = 9 
1 1 
.. La 
MPA3043AT Model MPA3052AT Model 
Spindle Actuator Spindle Actuator 
com = 
_— es 
jo es 
| 
o = = 
So _ ad 


(3) Spindle motor 


The disks are rotated by a direct drive Hall-less DC motor. 


(4) Actuator 


The actuator uses a revolving voice coil motor (VCM) structure which consumes low power and 
generates very little heat. The head assembly at the edge of the actuator arm is controlled and 
positioned by feedback of the servo information read by the read/write head. If the power is not on 
or if the spindle motor is stopped, the head assembly stays in the specific CSS zone on the disk and 


Figure 2.2. Configuration of disk media heads 


is fixed by a mechanical lock. 
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Air circulation system 


The disk enclosure (DE) is sealed to prevent dust and dirt from entering. The disk enclosure 
features a closed loop air circulation system that relies on the blower effect of the rotating disk. 
This system continuously circulates the air through the circulation filter to maintain the cleanliness 
of the air within the disk enclosure. 


(6) Read/write circuit 
The read/write circuit uses a LSI chip for the read/write preamplifier. It improves data reliability 
by preventing errors caused by external noise. 
(7) Controller circuit 
The controller circuit consists of an LSI chip to improve reliability. The high-speed 
microprocessor unit (MPU) achieves a high-performance AT controller. 
2.2 System Configuration 
2.2.1 ATA interface 
Figures 2.3 and 2.4 show the ATA interface system configuration. The drive has a 40-pin PC AT 
interface connector and supports the PIO transfer till 16.7 MB/s (ATA-3, Mode 4), the DMA 
transfer till 16.7 MB/s (ATA-3, Multiword mode 2), and the ultra DMA transfer till (ATA-4, 
Mode 4). 
2.2.2 1 drive connection 
HA 
Host i i 
(Host adaptor) Pee 
AT bus ATA interface 
(Host interface) 
Figure 2.3 1 drive system configuration 
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2.2.3 2 drives connection 


HA 
(Host adaptor) 


Host ——s Disk drive #0 


AT bus 
(Host interface) 


Disk drive #1 


ATA interface 
Note: 


When the drive that is not conformed to ATA is connected to the disk drive is above 
configuration, the operation is not guaranteed. 


Figure 2.4 2 drives configuration 


IMPORTANT 


HA (host adapter) consists of address decoder, driver, and receiver. 
ATA is an abbreviation of "AT attachment". The disk drive is 
conformed to the ATA-3 interface. 


At high speed data transfer (PIO mode 3, mode 4, DMA mode 2 or 
ultra DMA mode), occurrence of ringing or crosstalk of the signal lines 
(AT bus) between the HA and the disk drive may be a great cause of the 
obstruction of system reliability. Thus, it is necessary that the 
capacitance of the signal lines including the HA and cable does not 
exceed the ATA-3 and ATA-4 standard, and the cable length between 
the HA and the disk drive should be as short as possible. 
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CHAPTER 3 


3.1 


INSTALLATION CONDITIONS 


3.1 
3.2 
3.3 
3.4 


Dimensions 
Mounting 
Cable Connections 


Jumper Settings 


Dimensions 


Figure 3.1 illustrates the dimensions of the disk drive and positions of the mounting screw holes. 


All dimensions are in mm. 


C141-E034-02EN 


Figure 3.1 Dimensions 
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6-#6-32UNC (Both Sidas) 


3.2 


() 


(2) 


(3) 


Mounting 


Orientation 


Figure 3.2 illustrates the allowable orientations for the disk drive. The mounting angle can vary 
+5° from the horizontal. 


gravity 


(a) Horizontal mounting (b) ) Vertical mounting —1 (c) Vertical mounting —2 


Figure 3.2. Orientation 


Frame 
The disk enclosure (DE) body is connected to signal ground (SG) and the mounting frame is also 
connected to signal ground. These are electrically shorted. 
Note: 
Use No.6-32UNC screw for the mounting screw and the screw length should satisfy the 
specification in Figure 3.4. 
Limitation of side-mounting 


When the disk drive is mounted using the screw holes on both side of the disk drive, use two screw 
holes shown in Figure 3.3. 


Do not use the center hole. For screw length, see Figure 3.4. 
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holes 


Do not use this screw holes 


Figure 3.3 Limitation of side-mounting 


25 Side surface 2.5 


Bottom surface mounting moun’ 


PCA B 
Frame’ of system 
cabinet 


cabinet ee 


Frame of system 


less Screw 5 oortes| |S Screw 
Details of A 


Details of B 


Figure 3.4 Mounting frame structure 
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Use these screw 


(4) 


Ambient temperature 


The temperature conditions for a disk drive mounted in a cabinet refer to the ambient temperature 
at a point 3 cm from the disk drive. Pay attention to the air flow to prevent the DE surface 
temperature from exceeding 60°C. 


Provide air circulation in the cabinet such that the PCA side, in particular, receives sufficient 
cooling. To check the cooling efficiency, measure the surface temperatures of the DE. Regardless 
of the ambient temperature, this surface temperature must meet the standards listed in Table 3.1. 
Figure 3.5 shows the temperature measurement point. 


Figure 3.5 Surface temperature measurement points 


Table 3.1 Surface temperature measurement points and standard values 
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(5) Service area 


Figure 3.6 shows how the drive must be accessed (service areas) during and after installation. 


- Mounting screw hole 


awe 


[Q side] 


- Mounting screw hole 


[P side] 
- Cable connection 
- Mode setting switches 


[R side] 
- Mounting screw hole 


Figure 3.6 Service area 


(6) External magnetic fields 


Avoid mounting the disk drive near strong magnetic sources such as loud speakers. Ensure that the 
disk drive is not affected by external magnetic fields. 
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3.3 Cable Connections 
3.3.1 Device connector 


The disk drive has the connectors and terminals listed below for connecting external devices. 
Figure 3.7 shows the locations of these connectors and terminals. 


e Power supply connector (CN1) 
e ATA interface connector (CN1) 


Power supply 
connector (CN1) 


Mode 
Setting 
Pins 


ATA 
interface 
connector 


Figure 3.7. Connector locations 
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3.3.2 Cable connector specifications 


Table 3.2 lists the recommended specifications for the cable connectors. 


Table 3.2. Cable connector specifications 


Name Model Manufacturer 


Cable socket 
(closed-end type) 


ATA interface cable 
(40-pin, CN1) FCN-707B040-AU/O 


FCN-707B040-AU/B Fujitsu 


445-248-40 SPECTERS STRIP 
1-480424-0 AMP 

Power supply cable 60617-4 AMP 

(CN1) 


Note : 
The cable of twisted pairs and neighboring line separated individually is not allowed to use for 
the host interface cable. It is because that the location of signal lines in these cables is not 
fixed, and so the problem on the crosstalk among signal lines may occur. 


3.3.3. Device connection 


Figure 3.8 shows how to connect the devices. 


ATA interface cable Power supply cable 
Disk Drive #0 Dc 
Host system power supply 
Disk Drive #1 


Figure 3.8 Cable connections 
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3.3.4 Power supply connector (CN1) 


Figure 3.9 shows the pin assignment of the power supply connector (CN1). 


1 +12VDC 


2 +12V RETURN 


0000)) Etre 


4 +5VDC 


(Viewed from cable side) 


Figure 3.9 Power supply connector pins (CN1) 


3.4 Jumper Settings 
3.4.1 Location of setting jumpers 


Figure 3.10 shows the location of the jumpers to select drive configuration and functions. 


CN1 

Col 
Power 
supply 
connector 

C04 

Bol BO1/02) Mode setting 
Connector 
pins 

BOS 

AOl 


Interface 
Connector 


A39 1CO © |A40 


Figure 3.10 Jumper location 


C141-E034-02EN 


3.4.2 Factory default setting 


Figure 3.11 shows the default setting position at the factory. 


B02— 06 
A02 A40 
Col cua | JOJO O OE OFC iO ee O.© 
C2 O7e Se) 
OO O SECC 6 nee OO 
AOI A39 
BOI— 05 


Figure 3.11 Factory default setting 


3.4.3 Jumper configuration 


(1) Device type 


Master device (device #0) or slave device (device #1) is selected. 


B02— 06 B02— 06 
OQiOr a O}O O 
OO O OO O 
B01—— 05 B01— 05 

(a) Master device (b) Slave device 


Figure 3.12 Jumper setting of master or slave device 


(2) Cable Select (CSEL) 


In Cable Select mode, the device can be configured either master device or slave device. For use of 
Cable Select function, Unique interface cable is needed. 
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B02— 06 
CO) 


O]O O 
BO1— 05 


CSEL connected to the interface 
Cable selection can be done by the 
special interface cable. 


Figure 3.13 Jumper setting of Cable Select 


Figures 3.14 and 3.15 show examples of cable selection using unique interface cables. 


By connecting the CSEL of the master device to the CSEL Line (conductor) of the cable and 
connecting it to ground further, the CSEL is set to low level. The device is identified as a master 
device. At this time, the CSEL of the slave device does not have a conductor. Thus, since the 
slave device is not connected to the CSEL conductor, the CSEL is set to high level. The device is 
identified as a slave device. 


ieke oe wl Sloaet Svat ter deee mer meyer |) ect Ea cme ah opt tains fal tak 


oxo! : 


Figure 3.14 Example (1) of Cable Select 


ta asc ato Se ceysten ete vec epee ee Ss 


GND: 


Open 


Figure 3.15 Example (2) of Cable Select 
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(3) Special setting 1 (SP1) 
The number of cylinders reported by the IDENTIFY DEVICE command is selected. 


(a) Default mode 


2 4 6 2 4 6 2 4 6 
O|O O Cece O OjJO 
O}]O O COs O}O O 
1 3 5 Ty 3823 1 3 5 
Master Device Slave Device Cable Select 


No. of cylinders 


3,390 
5,086 
6,780 


9,042 


10,850 


2 4 6 2 4 6 2 4 6 
See OyJO}O O O}O 
O}O}O Or) © O O;O 
1 3 5 1 3 5 1 3 5 
Master Device Slave Device Cable Select 
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CHAPTER 4 THEORY OF DEVICE OPERATION 


4.1 Outline 

4.2 Subassemblies 

4.3 Circuit Configuration 
4.4 Power-on sequence 
4.5 Self-calibration 

4.6 Read/Write circuit 
4.7. Servo Control 


This chapter explains basic design concepts of the disk drive. Also, this chapter explains subassemblies of 
the disk drive, each sequence, servo control, and electrical circuit blocks. 


4.1 


4.2 


4.2.1 


Outline 

This chapter consists of two parts. First part (Section 4.2) explains mechanical assemblies of the 
disk drive. Second part (Sections 4.3 through 4.7) explains a servo information recorded in the 
disk drive and drive control method. 

Subassemblies 


The disk drive consists of a disk enclosure (DE) and printed circuit assembly (PCA). 


The DE contains all movable parts in the disk drive, including the disk, spindle, actuator, 
read/write head, and air filter. For details, see Subsections 4.2.1 to 4.2.5. 


The PCA contains the control circuits for the disk drive. The disk drive has one PCA. For details, 
see Sections 4.3. 
Disk 


The DE contains the disks with an outer diameter of 95 mm. The MPA3017AT has 1 disk, the 
MPA3026AT/MPA3035AT have 2 disks. MPA3043AT/MPA3052AT have 3 disks. 


The head contacts the disk each time the disk rotation stops; the life of the disk is 40,000 contacts 
or more. 


Servo data is recorded on each cylinder (total 60). Servo data written at factory is read out by the 
read/write head. For servo data, see Section 4.7. 
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4.2.2 Head 


Figure 4.1 shows the read/write head structures. The MPA3017AT has 2 read/write heads, the 
MPA3026AT has 3, MPA3035AT has 4, MPA3043AT has 5, and MPA3052AT has 6. These 
heads are raised from the disk surface as the spindle motor approaches the rated rotation speed. 


MPA3017 Model 
Spindle Actuator 
1 
OS 
MPA3026AT Model MPA3035AT Model 
Spindle Actuator Spindle Actuator 
3 — 
= 2 
1 a 1 
-_ ee 
MPA3043AT Model MPA3052AT Model 
Spindle Actuator Spindle Actuator 
5 
zz oz 
> > 
, = , = 
| = 
o = o = 


Figure 4.1 Head structure 
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4.2.3 


4.2.4 


4.2.5 


Spindle 


The spindle consists of a disk stack assembly and spindle motor. The disk stack assembly is 
activated by the direct drive sensor-less DC spindle motor, which has a speed of 5,400 rpm +0.5%. 
The spindle is controlled with detecting a PHASE signal generated by counter electromotive 
voltage of the spindle motor at starting. After that, the rotational speed is kept with detecting a 
servo information. 


Actuator 

The actuator consists of a voice coil motor (VCM) and a head carriage. The VCM moves the head 
carriage along the inner or outer edge of the disk. The head carriage position is controlled by 
feeding back the difference of the target position that is detected and reproduced from the servo 
information read by the read/write head. 

Air filter 

There are two types of air filters: a breather filter and a circulation filter. 

The breather filter makes an air in and out of the DE to prevent unnecessary pressure around the 
spindle when the disk starts or stops rotating. When disk drives are transported under conditions 
where the air pressure changes a lot, filtered air is circulated in the DE. 

The circulation filter cleans out dust and dirt from inside the DE. The disk drive cycles air 


continuously through the circulation filter through an enclosed loop air cycle system operated by a 
blower on the rotating disk. 
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4.3 


() 


(2) 


(3) 


(4) 


Circuit Configuration 


Figure 4.2 shows the disk drive circuit configuration. 


Read/write circuit 


The read/write circuit consists of two LSIs; read/write preamplifier (PreAMP) and read channel 
(RDC). 


The PreAMP consists of the write current switch circuit, that flows the write current to the head 
coil, and the voltage amplifier circuit, that amplitudes the read output from the head. 


The RDC is the read demodulation circuit using the partial response class 4 (PR4), and contains 
the Viterbi detector, programmable filter, adaptable transversal filter, times base generator, and 
data separator circuits. The RDC also contains the 8/9 group coded recording (GCR) encoder and 
decoder and servo demodulation circuit. 


Servo circuit 


The position and speed of the voice coil motor are controlled by 2 closed-loop servo using the 
servo information recorded on the data surface. The servo information is an analog signal 
converted to digital for processing by a MPU and then reconverted to an analog signal for control 
of the voice coil motor. 


Spindle motor driver circuit 


The circuit measures the interval of a PHASE signal generated by counter-electromotive voltage of 
a motor, or servo mark at the MPU and controls the motor speed comparing target speed. 


Controller circuit 
Major functions are listed below. 


Data buffer (128 KB) management 

ATA interface control and data transfer control 
Sector format control 

Defect management 

ECC control 

Error recovery and self-diagnosis 
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Read Channel 
"RDC" 
(SSI32P4910) 


Preamplifier 
"R/WAMP" 


(TLS24306) 


| Voice Coil 


| Motor 

| 

| I 
| || 
| Spindle Motor Mm 


| ie 
| || 
| Disk Enclosure || 


eke Se! eee es ,. I ee ee Jee) es a, eS eee 


Servo Controller 
"SVC" (HAI3525A) 


Data (0-15) Addr (0-16) Data (0-9) 


Addr (1-2) 
Servo 
crrt Demodulate 


Controller 


Flash ROM 
(64Kx16) 


(SH7600 or 
SH7650) 


SYSCLK 


Reset* B_Data B_ADDR 
(0-15) (0-8) 


Data (0-15) Addr (0-8) 


Data Buffer 
DRAM 


(64Kbitx16) 


4.4 


Power-on Sequence 


Figure 4.3 describes the operation sequence of the disk drive at power-on. The outline is described 
below. 


a) 


b) 


c) 


d) 


e) 


After the power is turned on, the disk drive executes the MPU bus test, internal register 
read/write test, and work RAM read/write test. When the self-diagnosis terminates 
successfully, the disk drive starts the spindle motor. 


The disk drive executes self-diagnosis (data buffer read/write test) after enabling response to 
the ATA bus. 


After confirming that the spindle motor has reached rated speed, the disk drive releases the 
heads from the actuator magnet lock mechanism by applying current to the VCM. This 
unlocks the heads which are parked at the inner circumference of the disks. 


The disk drive positions the heads onto the SA area and reads out the system information. 


The disk drive executes self-seek-calibration. This collects data for WCM torque and 
mechanical external forces applied to the actuator, and updates the calibrating value. 


The drive becomes ready. The host can issue commands. 
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a) | Self-diagnosis 1 

¢ MPU bus test 

¢ Inner register 
write/read test 

¢ Work RAM write/read 
test 


Vv 


The spindle motor starts. 


Vv 
b) | Self-diagnosis 2 
¢ Data buffer write/read 


test 
ft 


c) |Confirming spindle motor 
speed 


a 4 
Release heads from 
actuator lock 


Vv 
d) Initial on-track and read 
out of system information 


Vv 


e) Execute self-calibration 


Vv 


f) Drive ready state 
(command waiting state) 


End 


Figure 4.3 Power-on operation sequence 
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4.5 


4.5.1 


(1) 


(2) 


Self-calibration 


The disk drive occasionally performs self-calibration in order to sense and calibrate mechanical 
external forces on the actuator, and VCM torque. This enables precise seek and read/write 
operations. 


Self-calibration contents 
Sensing and compensating for external forces 


The actuator suffers from torque due to the FPC forces and winds accompanying disk revolution. 
The torque vary with the disk drive and the cylinder where the head is positioned. To execute 
stable fast seek operations, external forces are occasionally sensed. 


The firmware of the drive measures and stores the force (value of the actuator motor drive current) 
that balances the torque for stopping head stably. This includes the current offset in the power 
amplifier circuit and DAC system. 


The forces are compensated by adding the measured value to the specified current value to the 
power amplifier. This makes the stable servo control. 


To compensate torque varying by the cylinder, the disk is divided into 12 areas from the innermost 
to the outermost circumference and the compensating value is measured at the measuring cylinder 
on each area at factory calibration. The measured values are stored in the SA cylinder. In the self- 
calibration, the compensating value is updated using the value in the SA cylinder. 


Compensating open loop gain 


Torque constant value of the VCM has a dispersion for each drive, and varies depending on the 
cylinder that the head is positioned. To realize the high speed seek operation, the value that 
compensates torque constant value change and loop gain change of the whole servo system due to 
temperature change is measured and stored. 


For sensing, the firmware mixes the disturbance signal to the position signal at the state that the 
head is positioned to any cylinder. The firmware calculates the loop gain from the position signal 
and stores the compensation value against to the target gain as ratio. 


For compensating, the direction current value to the power amplifier is multiplied by the 
compensation value. By this compensation, loop gain becomes constant value and the stable servo 
control is realized. 


To compensate torque constant value change depending on cylinder, whole cylinders from most 
inner to most outer cylinder are divided into 12 partitions at calibration in the factory, and the 
compensation data is measured for representative cylinder of each partition. This measured value 
is stored in the SA area. The compensation value at self-calibration is calculated using the value in 
the SA area. 
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4.5.2 Execution timing of self-calibration 
Self-calibration is executed when: 


e The power is turned on. 
e = The disk drive receives the RECALIBRATE command from the host. 
e = The self-calibration execution timechart of the disk drive specifies self-calibration. 


The disk drive performs self-calibration according to the timechart based on the time elapsed from 
power-on. The timechart is shown in Table 4.1. After power-on, self-calibration is performed 
about every five or ten minutes for the first 60 minutes or six RECALIBRATE command 
executions, and about every 30 minutes after that. 


Table 4.1 Self-calibration execution timechart 


[sat | acc son 
ad 
7 


About 10 minutes About 20 minutes 
About 10 minutes About 30 minutes 
About 30 minutes About 60 minutes 


ae a 


4.5.3 Command processing during self-calibration 


If the disk drive receives a command execution request from the host while executing self- 
calibration according to the timechart, the disk drive terminates self-calibration and starts 
executing the command precedingly. In other words, if a disk read or write service is necessary, 
the disk drive positions the head to the track requested by the host, reads or writes data, and 
restarts calibration. 


This enables the host to execute the command without waiting for a long time, even when the disk 
drive is performing self-calibration. The command execution wait time is about maximum 100 ms. 
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4.6 


4.6.1 


4.6.2 


() 


(2) 


Read/write Circuit 


The read/write circuit consists of the read/write preamplifier (PreAMP), the write circuit, the read 
circuit, and the time base generator in the read channel (RDC). Figure 4.4 is a block diagram of 
the read/write circuit. 


Read/write preamplifier (PreAMP) 


One PreAMP is mounted on the FPC. The PreAMP consists of an 6-channel read preamplifier and 
a write current switch and senses a write error. Each channel is connected to each data head. The 
head IC switches the heads by the chip select signals (*CS) and the head select signals (HSO, HS1, 
HS2). The IC generates a write error sense signal (WUS) when a write error occurs due to head 
short-circuit or head disconnection. 


Write circuit 

The write data is output from the hard disk controller (HDC) with the NRZ data format, and sent to 
the encoder circuit in the RDC with synchronizing with the write clock. The NRZ write data is 
converted from 8-bit data to 9-bit data by the encoder circuit then sent to the PreAMP, and the data 
is written onto the media. 

8/9 GCR 

The disk drive converts data using the 8/9 (0, 4, 4) group coded recording (GCR) algorithm. This 
code format is 0 to 4 code bit "0"s are placed between "1"s. 

Write precompensation 

Write precompensation compensates, during a write process, for write non-linearity generated at 


reading. Table 4.2 shows the write precompensation algorithm. 


Table 4.2. Write precompensation algorithm 


Compensation 


None 
Late 


Late 


Late: Bit is time shifted (delayed) from its nominal time position towards the bit 
n+1 time position. 
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Programmable 


AMP Filter 
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Serial Bus Lr 
RG LF —| ‘ 
we [ ,| RDC Control Logic 
SG 7) 
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Time Base P Interface 
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<— Write F-F k Precompensation |< Precoder |< Encoder 


Read Channel 


RDS*/PPOL 


NRZDT (0-7, P) 


RCLK 


WCLK 


4.6.3 


(1) 


(2) 


(3) 


Read circuit 


The head read signal from the PreAMP is regulated by the automatic gain control (AGC) circuit. 
Then the output is converted into the sampled read data pulse by the programmable filter circuit 
and the adaptive equalizer circuit. This clock signal is converted into the NRZ data by the 8/9 
GCR decoder circuit based on the read data maximum-likelihood-detected by the Viterbi detection 
circuit, then is sent to the HDC. 


AGC circuit 

The AGC circuit automatically regulates the output amplitude to a constant value even when the 
input amplitude level fluctuates. The AGC amplifier output is maintained at a constant level even 
when the head output fluctuates due to the head characteristics or outer/inner head positions. 
Programmable filter 

The programmable filter circuit has a low-pass filter function that eliminates unnecessary high 
frequency noise component and a high frequency boost-up function that equalizes the waveform of 
the read signal. 

Cut-off frequency of the low-pass filter and boost-up gain are controlled from each DAC circuit in 
read channel by an instruction of the serial data signal from MPU (M1). The MPU optimizes the 


cut-off frequency and boost-up gain according to the transfer frequency of each zone. 


Figure 4.5 shows the frequency characteristic sample of the programmable filter. 


Gain D [dB] 20 


Fb control 


Boost 
volume 


Fe control 


30 40 50 100 


Fe Log Frequency [MHz] 


Figure 4.5 Frequency characteristic of programmable filter 


Adaptive equalizer circuit 


This circuit is 3-tap sampled analog transversal filter circuit that cosine-equalizes the head read 
signal to the partial response class 4 (PR4) waveform. 
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Figure 4.6 PR4 signal transfer 
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(4) 


(5) 


(6) 


4.6.4 


Viterbi detection circuit 


The sample hold waveform output from the adaptive equalizer circuit is sent to the Viterbi 
detection circuit. The Viterbi detection circuit demodulates data according to the survivor path 
sequence. 


Data separator circuit 

The data separator circuit generates clocks in synchronization with the output of the adaptive 
equalizer circuit. To write data, the VFO circuit generates clocks in synchronization with the clock 
signals from a synthesizer. 

8/9 GCR decoder 


This circuit converts the 9-bit read data into the 8-bit NRZ data. 


Time base generator circuit 


The drive uses constant density recording to increase total capacity. This is different from the 
conventional method of recording data with a fixed data transfer rate at all data area. In the 
constant density recording method, data area is divided into zones by radius and the data transfer 
rate is set so that the recording density of the inner cylinder of each zone is nearly constant. The 
drive divides data area into 15 zones to set the data transfer rate. Table 4.3 describes the data 
transfer rate and recording density (BPI) of each zone. 
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Table 4.3. Write clock frequency and transfer rate of each zone 


aa Een es ES EAA ES 


Cylinder 0 623 1789 2218 2619 3031 3828 4142 
to to to to to to to to 
622 1788 2217 2618 3030 3827 4141 4808 


eee 14.964 | 14.111 | 13.787 | 13.473 | 13.155 | 12.512 | 12.258 | 11.702 


fm [e[>[e[al[e[eps 


Cylinder 4809 5120 6108 6614 7195 7892 8461 
to to to to to to to 
5119 6107 6613 7194 7891 8460 8712 


qransfer rate | 11.443 | 10.590 | 10.142 | 9.623 | 8.986 | 8.451 | 8.019 
[MB/s] 


The MPU transfers the data transfer rate setup data (SDATA/SCLK) to the RDC that includes the 
time base generator circuit to change the data transfer rate. 


4.7 Servo Control 


The actuator motor and the spindle motor are submitted to servo control. The actuator motor is 
controlled for moving and positioning the head to the track containing the desired data. To turn 
the disk at a constant velocity, the actuator motor is controlled according to the servo data that is 
written on the data side beforehand. 
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4.7.1 Servo control circuit 


Figure 4.7 is the block diagram of the servo control circuit. The following describes the functions 


of the blocks: 
(1) 
MPU SVC 
2 3 4 5 
( + @) Ge o VCM current 
|—+| a >—» DSP oe >P. 
Head burst ADC nine DAC oe 
capture >) 
Vv 
CSR 
Position Sense —_J 
a4 
VCM 
(6) (7) 
Spindle : 
ES ee |—_»} Driver >| pea 
CSR: Current Sense Resistor control cae 
VCM: Voice Coil Motor 


Figure 4.7. Block diagram of servo control circuit 


(1) Microprocessor unit (MPU) 
The MPU includes DSP unit, etc., and the MPU starts the spindle motor, moves the heads to the 
reference cylinders, seeks the specified cylinder, and executes calibration according to the internal 


operations of the MPU. 


The major internal operations are listed below. 


a. Spindle motor start 


Starts the spindle motor and accelerates it to normal speed when power is applied. 


b. Move head to reference cylinder 


Drives the VCM to position the head at the any cylinder in the data area. The logical initial 
cylinder is at the outermost circumference (cylinder 0). 
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Cc. 


Seek to specified cylinder 


Drives the VCM to position the head to the specified cylinder. 


Calibration 


Senses and stores the thermal offset between heads and the mechanical forces on the actuator, 


and stores the calibration value. 


Servo frame 
(60 servo frames 
revolution) 


Cyl n+1 Cyln Cyl n-1 


W/R Recovery| W/R Recovery| W/R Recovery 
Servo Mark |Servo Mark | Servo Mark 
Gray Code Gray Code Gray Code 


Erase Servo A Erase 


Servo A | Erase 


Servo B Erase Servo B | Erase | Servo B 


Servo C Erase Servo C| Erase 


PAD 


(n: odd number) 


= 


Diameter direction 


V 


Circumference direction 


Erase: DC erase area 


Figure 4.8 Physical sector servo configuration on disk surface 
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(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Servo burst capture circuit 

The four servo signals can be synchronously detected by the STROB signal, full-wave rectified 
integrated. 

A/D converter (ADC) 

The A/D converter (ADC) receives the servo signals are integrated, converts them to digital, and 
transfers the digital signal to the DSP unit. 

D/A converter (DAC) 

The D/A converter (DAC) converts the VCM drive current value (digital value) calculated by the 
DSP unit into analog values and transfers them to the power amplifier. 

Power amplifier 


The power amplifier feeds currents, corresponding to the DAC output signal voltage to the VCM. 


Spindle motor control circuit 

The spindle motor control circuit controls the sensor-less spindle motor. This circuit detects 
number of revolution of the motor by the interrupt generated periodically, compares with the target 
revolution speed, then flows the current into the motor coil according to the differentiation 
(aberration). 

Driver circuit 

The driver circuit is a power amplitude circuit that receives signals from the spindle motor control 
circuit and feeds currents to the spindle motor. 


VCM current sense resistor (CSR) 


This resistor controls current at the power amplifier by converting the VCM current into voltage 
and feeding back. 
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4.7.3 


Data-surface servo format 

Figure 4.8 describes the physical layout of the servo frame. The three areas indicated by (1) to (3) 
in Figure 4.8 are described below. 

Inner guard band 

The head is in contact with the disk in this space when the spindle starts turning or stops, and the 
rotational speed of the spindle can be controlled on this cylinder area for head moving. 

Data area 


This area is used as the user data area SA area. 


Outer guard band 

This area is located at outer position of the user data area, and the rotational speed of the spindle 
can be controlled on this cylinder area for head moving. 

Servo frame format 

As the servo information, the drive uses the two-phase servo generated from the gray code and 
servo A to D. This servo information is used for positioning operation of radius direction and 


position detection of circumstance direction. 


The servo frame consists of 5 blocks; write/read recovery, servo mark, gray code, servo A to D 
and PAD. Figure 4.9 shows the servo frame format. 


Write/read Servo Servo | Servo | Servo | Servo 
d 
recovery mark pe nas A B C D BAe 
rl¢——le rs > re ri ri > 
8.0 Us 0.56 Us 3.20 Us 2.09 us '2.0 us | 2.0 us ° 2.0 us ‘1.53 Us 


Figure 4.9 Servo frame format 
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Write/read recovery 


This area is used to absorb the write/read transient and to stabilize the AGC. 


Servo mark 

This area generates a timing for demodulating the gray code and position-demodulating the servo 
A to D by detecting the servo mark. 

Gray code (including index bit) 

This area is used as cylinder address. The data in this area is converted into the binary data by the 
gray code demodulation circuit. 

Servo A, servo B, servo C, servo D 

This area is used as position signals between tracks, and the IDD control at on-track so that servo 
A level equals to servo B level. 

PAD 


This area is used as a gap between servo and data. 


Actuator motor control 

The voice coil motor (VCM) is controlled by feeding back the servo data recorded on the data 
surface. The MPU fetches the position sense data on the servo frame at a constant interval of 
sampling time, executes calculation, and updates the VCM drive current. 

The servo control of the actuator includes the operation to move the head to the reference cylinder, 
the seek operation to move the head to the target cylinder to read or write data, and the track- 
following operation to position the head onto the target track. 


Operation to move the head to the reference cylinder 


The MPU moves the head to the reference cylinder when the power is turned. The reference 
cylinder is in the data area. 


When power is applied the heads are moved from the inner circumference shunt zone to the normal 
servo data zone in the following sequence: 


a) Micro current is fed to the VCM to press the head against the inner circumference. 
b) Accurrent is fed to the VCM to move the head toward the outer circumference. 


c) When the servo mark is detected the head is moved slowly toward the outer circumference at a 
constant speed. 
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d) If the head is stopped at the reference cylinder from there. Track following control starts. 


Seek operation 


Upon a data read/write request from the host, the MPU confirms the necessity of access to the disk. 
If a read or instruction is issued, the MPU seeks the desired track. 


The MPU feeds the VCM current via the D/A converter and power amplifier to move the head. 
The MPU calculates the difference (speed error) between the specified target position and the 
current position for each sampling timing during head moving. The MPU then feeds the VCM 
drive current by setting the calculated result into the D/A converter. The calculation is digitally 
executed by the firmware. When the head arrives at the target cylinder, the track is followed. 


Track following operation 


Except during head movement to the reference cylinder and seek operation under the spindle 
rotates in steady speed, the MPU does track following control. To position the head at the center 
of a track, the DSP drives the VCM by feeding micro current. For each sampling time, the VCM 
drive current is determined by filtering the position difference between the target position and the 
position clarified by the detected position sense data. The filtering includes servo compensation. 
These are digitally controlled by the firmware. 


Spindle motor control 


Hall-less three-phase twelve-pole motor is used for the spindle motor, and the 3-phase full/half- 
wave analog current control circuit is used as the spindle motor driver (called SVC hereafter). The 
firmware operates on the MPU manufactured by Fujitsu. The spindle motor is controlled by 
sending several signals from the MPU to the SVC. There are three modes for the spindle control; 
start mode, acceleration mode, and stable rotation mode. 


Start mode 


When power is supplied, the spindle motor is started in the following sequence: 


a) After the power is turned on, the MPU sends a signal to the SVC to charge the change pump 
capacitor of the SVC. The charged amount defines the current that flows in the spindle motor. 


b) When the charge pump capacitor is charged enough, the MPU sets the SVC to the motor start 
mode. Then, a current (approx. 1.3 A) flows into the spindle motor. 


c) The SVC generates a phase switching signal by itself, and changes the phase of the current 
flowed in the motor in the order of (V-phase to U-phase), (W-phase to U-phase), (W-phase to 
V-phase), (U-phase to V-phase), (U-phase to W-phase), and (V-phase to W-phase) (after that, 
repeating this order). 


d) During phase switching, the spindle motor starts rotating in low speed, and generates a counter 


electromotive force. The SVC detects this counter electromotive force and reports to the MPU 
using a PHASE signal for speed detection. 
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e) The MPU is waiting for a PHASE signal. When no phase signal is sent for a specific period, 
the MPU resets the SVC and starts from the beginning. When a PHASE signal is sent, the 
SVC enters the acceleration mode. 


Acceleration mode 


In this mode, the MPU stops to send the phase switching signal to the SVC. The SVC starts a 
phase switching by itself based on the counter electromotive force. Then, rotation of the spindle 
motor accelerates. The MPU calculates a rotational speed of the spindle motor based on the 
PHASE signal from the SVC, and accelerates till the rotational speed reaches 5,400 rpm. When 
the rotational speed reaches 5,400 rpm, the SVC enters the stable rotation mode. 


Stable rotation mode 


The MPU calculates a time for one revolution of the spindle motor based on the PHASE signal 
from the SVC. The MPU takes a difference between the current time and a time for one revolution 
at 5,400 rpm that the MPU already recognized. Then, the MPU keeps the rotational speed to 
5,400 rpm by charging or discharging the charge pump for the different time. For example, when 
the actual rotational speed is 5,600 rpm, the time for one revolution is 10.714 ms. And, the time 
for one revolution at 5,400 rpm is 11.111 ms. Therefore, the MPU discharges the charge pump for 
0.397 ms x k (k: constant value). This makes the flowed current into the motor lower and the 
rotational speed down. When the actual rotational speed is later than 5,400 rpm, the MPU charges 
the pump the other way. This control (charging/discharging) is performed every 1/6 revolution. 
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5.1 Physical Interface 
5.1.1 Interface signals 


Figure 5.1 shows the interface signals. 


Host DATA 0-15: DATA BUS IPP: 


DMACK-: DMA ACKNOWLEDGE 


DMARQ: DMA REQUEST 


IOW-: I/O WRITE 
IOR- : I/O READ 


INTRQ : INTERRUPT REQUEST 

IOCS16-: IOCS 16 

PDIAG- : PASSED DIAGNOSTIC 

IORDY : I/O CHANNEL READY 

DASP- : DEVICE ACTIVE/DEVICE 1 PRESENT 


DA 0-2: DEVICE ADDRESS 
CSO- : CHIP SELECT 0 
CS1-  : CHIP SELECT 1 


RESET-: RESET 
CSEL : CABLE SELECT 


GND: GROUND 


Figure 5.1 Interface signals 
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5.1.2 Signal assignment on the connector 


Table 5.1 shows the signal assignment on the interface connector. 


Table 5.1 


[signal] 
RESET-— 


DATA 0-15 


IOW-, STOP 


RESET- 
DATA7 
DATA6 
DATAS 
DATA4 
DATA3 
DATA2 
DATAI 
DATAO 
GND 
DMARQ 


IOW-, STOP 


Signal assignment on the interface connector 


Signal Pin No. 


GND 
DATA8 
DATA9 
DATAI0 
DATAII 
DATAI12 
DATAI3 
DATAI4 
DATAI5 
(KEY) 
GND 
GND 


IOR-, HDMARDY-, HSTROBE GND 
IORDY, DDMARDY-, DSTROBE CSEL 


DMACK- 
INTRO 
DAI 
DAO 
CS0- 
DASP- 


I 


GND 
IOCS16— 
PDIAG-— 
DA2 
CS1- 
GND 


[Description] 


Reset signal from the host. This signal is low active and is asserted 
for a minimum of 25 us during power on. 


Sixteen-bit bi-directional data bus between the host and the device. 
These signals are used for data transfer 


IOW- is the strobe signal asserted by the host to write device 
registers or the data port. 

IOW- shall be negated by the host prior to initiation of an Ultra 
DMA burst. STOP shall be negated by the host before data is 
transferred in an Ultra DMA burst. Assertion of STOP by the host 
during an Ultra DMA burst signals the termination of the Ultra DMA 
burst. 
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[signal] 


IOR-, 
HDMARDY-, 
HSTROBE 


INTRO 


IOCS 16— 


CSO0- 


CS1- 


DA 0-2 


KEY 
PIDAG-— 


DASP- 


[V/O] 
I 


1/O 


[Description] 


IOR- is the strobe signal asserted by the host to read device registers 
or the data port. 

HDMARDY- is a flow control signal for Ultra DMA data in bursts. 
This signal is asserted by the host to indicate to the device that the 
host is ready to receive Ultra DMA data in bursts. 

The host may negate HDMARDY- to pause an Ultra DMA data in 
burst. 

HSTROBE is the data out strobe signal from the host for an Ultra 
DMA data out burst. Both the rising and falling edge of HS TROBE 
latch the data from DATA 0-15 into the device. The host may stop 
generating HSTROBE edges to pause an Ultra DMA data out burst. 


Interrupt signal to the host. 
This signal is negated in the following cases: 
— assertion of RESET- signal 
— Reset by SRST of the Device Control register 
— Write to the command register by the host 
— Read of the status register by the host 
— Completion of sector data transfer 
(without reading the Status register) 
When the device is not selected or interrupt is disabled 


This signal indicates 16-bit data bus is addressed in PIO data transfer. 
This signal is an open collector output. 
— When IOCS 16- is not asserted: 
8 bit data is transferred through DATAO to DATA7 signals. 
— When IOCS 16- is asserted: 
16 bit data is transferred through DATAO to DATAI5 signals. 


Chip select signal decoded from the host address bus. This signal is 
used by the host to select the command block registers. 


Chip select signal decoded from the host address bus. This signal is 
used by the host to select the control block registers. 


Binary decoded address signals asserted by the host to access task 
file registers. 


Key pin for prevention of erroneous connector insertion 


This signal is an input mode for the master device and an output 
mode for the slave device in a daisy chain configuration. This signal 
indicates that the slave device has been completed self diagnostics. 
This signal is pulled up to +5 V through 10 kQ resistor at each device. 


This is a time-multiplexed signal that indicates that the device is 
active and a slave device is present. 
This signal is pulled up to +5 V through 10 kQ resistor at each device. 
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[signal] [I/O] [Description] 


IORDY, O This signal is negated to extend the host transfer cycle of any host 
DDMARDY-.-, register access (Read or Write) when the device is not ready to 
DSTROBE respond to a data transfer request. 


DDMARDY- is a flow control signal for Ultra DMA data out bursts. 
This signal is asserted by the device to indicate to the host that the 
device is ready to receive Ultra DMA data out bursts. The device 
may negate DDMARDY- to pause an Ultra DMA data out burst. 
DSTROBE is the data in strobe signal from the device for an Ultra 
DMA data in burst. Both the rising and falling edge of DS TROBE 
latch the data from DATA 0-15 into the host. The device may stop 
generating DSTROBE edges to pause an Ultra DMA data in burst. 


CSEL I This signal to configure the device as a master or a slave device. 
When CSEL signal is grounded, the IDD is a master device. 
When CSEL signal is open, the IDD is a slave device. 
This signal is pulled up with 240 kQ resistor. 


DMACK- I The host system asserts this signal as a response that the host system 
receive data or to indicate that data is valid. 


DMARQ O This signal is used for DMA transfer between the host system and the 
device. The device asserts this signal when the device completes the 
preparation of DMA data transfer to the host system (at reading) or 
from the host system (at writing). 

The direction of data transfer is controlled by the IOR- and IOW- 
signals. In other word, the device negates the DMARQ signal after 
the host system asserts the DMACK- signal. When there is another 
data to be transferred, the device asserts the DMARQ signal again. 
When the DMA data transfer is performed, IOCW16-, CSO- and 
CS1- signals are not asserted. The DMA data transfer is a 16-bit data 
transfer. 


GND - Grounded 


Note: 
"I" indicates input signal from the host to the device. 


"OQ" indicates output signal from the device to the host. 
"I/O" indicates common output or bi-directional signal between the host and the device. 
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5.2.1 


Logical Interface 


The device can operate for command execution in either address-specified mode; cylinder-head- 
sector (CHS) or Logical block address (LBA) mode. The IDENTIFY DEVICE information 
indicates whether the device supports the LBA mode. When the host system specifies the LBA 
mode by setting bit 6 in the Device/Head register to 1, HS3 to HSO bits of the Device/Head 
register indicates the head No. under the LBA mode, and all bits of the Cylinder High, Cylinder 
Low, and Sector Number registers are LBA bits. 


The sector No. under the LBA mode proceeds in the ascending order with the start point of LBAO 
(defined as follows). 


LBAO = [Cylinder 0, Head 0, Sector 1] 


Even if the host system changes the assignment of the CHS mode by the INITIALIZE DEVICE 
PARAMETER command, the sector LBA address is not changed. 


LBA = [((Cylinder No.) x (Number of head) + (Head No.)) x (Number of sector/track)] 
+ (Sector No.) — 1 
I/O registers 


Communication between the host system and the device is done through input-output (I/O) 
registers of the device. 


These I/O registers can be selected by the coded signals, CSO-—, CS1—, and DAO to DA2 from the 
host system. Table 5.2. shows the coding address and the function of I/O registers. 
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Table 5.2 I/O registers 


cso- | csi- | pa2 | DA1 | DAO aoe Wise 


Command block registers 


ec 
CC CO 
CC 
CCC ce 
CC a 
CC CO SS 
CC 
CC 
CC 
CC a 
EC CO 
a 


Notes: 


1. The Data register for read or write operation can be accessed by 16 bit data bus (DATAO 
to DATA15). 


2. The registers for read or write operation other than the Data registers can be accessed by 
8 bit data bus (DATAO to DATA7). 


3. When reading the Drive Address register, bit 7 is high-impedance state. 


4. The LBA mode is specified, the Device/Head, Cylinder High, Cylinder Low, and Sector 
Number registers indicate LBA bits 27 to 24, 23 to 16, 15 to 8, and 7 to 0. 
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Command block registers 

Data register (X'1 FO") 

The Data register is a 16-bit register for data block transfer between the device and the host 
system. Data transfer mode is PIO or LBA mode. 

Error register (X'1F1') 


The Error register indicates the status of the command executed by the device. The contents of 
this register are valid when the ERR bit of the Status register is 1. 


This register contains a diagnostic code after power is turned on, a reset , or the EXECUTIVE 
DEVICE DIAGNOSTIC command is executed. 


[Status at the completion of command execution other than diagnostic command] 


ICRC UNC IDNF ABRT | TKONF | AMNF 


X: Unused 


- Bit 7: Interface CRC error ICRC). This bit indicates that an interface CRC error has 
occurred during an Ultra DMA data transfer. The content of this bit is not applicable 
for Multiword DMA transfers. 


- Bit 6: Uncorrectable Data Error (UNC). This bit indicates that an uncorrectable data error 
has been encountered. 


- Bit 5: Unused 


- Bit 4: ID Not Found (IDNF). This bit indicates an error except for bad sector, 
uncorrectable error and SB not found, and Aborted Command. 


- Bit 3: Unused 


- Bit 2: Aborted Command (ABRT). This bit indicates that the requested command was 
aborted due to a device status error (e.g. Not Ready, Write Fault) or the command 
code was invalid. 


- Bit 1: Track 0 Not Found (TKONF). This bit indicates that track 0 was not found during 
RECALIBRATE command execution. 


- Bit 0: Address Mark Not Found. This bit indicates that an SB not found error has been 
encountered. 
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[Diagnostic code] 


X'Ol': No Error Detected. 

X'02': + HDC Register Compare Error 
X'03': Data Buffer Compare Error. 
X'05': ~=ROM Sum Check Error. 


X'80': Device 1 (slave device) Failed. 
Error register of the master device is valid under two devices (master and slave) 
configuration. If the slave device fails, the master device posts X’80’ OR (the diagnostic 
code) with its own status (X'01' to X'05'). 
However, when the host system selects the slave device, the diagnostic code of the slave 
device is posted. 


Features register (X'1F1') 


The Features register provides specific feature to a command. For instance, it is used with SET 
FEATURES command to enable or disable caching. 


Sector Count register (X'1F2') 


The Sector Count register indicates the number of sectors of data to be transferred in a read or 
write operation between the host system and the device. When the value in this register is X'00', 
the sector count is 256. 


When this register indicates X'00' at the completion of the command execution, this indicates that 
the command is completed successfully. If the command is not completed successfully, this 
register indicates the number of sectors to be transferred to complete the request from the host 
system. That is, this register indicates the number of remaining sectors that the data has not been 
transferred due to the error. 


The contents of this register has other definition for the following commands; INITIALIZE 
DEVICE PARAMETERS, FORMAT TRACK, SET FEATURES, IDLE, STANDBY and SET 
MULTIPLE MODE. 

Sector Number register (X'1F3') 

The contents of this register indicates the starting sector number for the subsequent command. 
The sector number should be between X'01' and [the number of sectors per track defined by 


INITIALIZE DEVICE PARAMETERS command. 


Under the LBA mode, this register indicates LBA bits 7 to 0. 
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Cylinder Low register (X'1F4') 


The contents of this register indicates low-order 8 bits of the starting cylinder address for any disk- 
access. 


At the end of a command, the contents of this register are updated to the current cylinder number. 


Under the LBA mode, this register indicates LBA bits 15 to 8. 


Cylinder High register (X'1F5') 
The contents of this register indicates high-order 8 bits of the disk-access start cylinder address. 


At the end of a command, the contents of this register are updated to the current cylinder number. 
The high-order 8 bits of the cylinder address are set to the Cylinder High register. 


Under the LBA mode, this register indicates LBA bits 23 to 16. 


Device/Head register (X'1F6') 


The contents of this register indicate the device and the head number. 


When executing INITIALIZE DEVICE PARAMETERS command, the contents of this register 
defines "the number of heads minus 1". 


- Bit 7: Unused 

- Bit 6: L. 0 for CHS mode and 1 for LBA mode. 

- Bit 5: Unused 

- Bit 4: DEV bit. 0 for the master device and 1 for the slave device. 
- Bit 3: HS3 CHS mode head address 3 (2°); LBA bit 27. 

- Bit 2: HS2 CHS mode head address 3 (2); LBA bit 26. 

- Bit 1: HS1 CHS mode head address 3 (2'). LBA bit 25. 

- Bit 0: HSO CHS mode head address 3 (2°). LBA bit 24. 
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Status register (X'1F7’') 


The contents of this register indicate the status of the device. The contents of this register are 
updated at the completion of each command. When the BSY bit is cleared, other bits in this 
register should be validated within 400 ns. When the BSY bit is 1, other bits of this register are 
invalid. When the host system reads this register while an interrupt is pending, it is considered to 
be the Interrupt Acknowledge (the host system acknowledges the interrupt). Any pending interrupt 
is cleared (negating INTRQ signal) whenever this register is read. 


- Bit 7: Busy (BSY) bit. This bit is set whenever the Command register is accessed. Then 
this bit is cleared when the command is completed. However, even if a command is 
being executed, this bit is 0 while data transfer is being requested (DRQ bit = 
1).When BSY bit is 1, the host system should not write the command block registers. 
If the host system reads any command block register when BSY bit is 1, the contents 
of the Status register are posted. This bit is set by the device under following 
conditions: 


(a) Within 400 ns after RESET- is negated or SRST is set in the Device Control 
register, the BSY bit is set. the BSY bit is cleared, when the reset process is 
completed. 

The BSY bit is set for no longer than 15 seconds after the IDD accepts reset. 


(b) Within 400 ns from the host system starts writing to the Command register. 


(c) Within 5 ps following transfer of 512 bytes data during execution of the READ 
SECTOR(S), WRITE SECTOR(S), FORMAT TRACK, or WRITE BUFFER 
command. 


Within 5 us following transfer of 512 bytes of data and the appropriate number 
of ECC bytes during execution of READ LONG or WRITE LONG command. 


- Bit 6: Device Ready (DRDY) bit. This bit indicates that the device is capable to respond to 
a command. 


The IDD checks its status when it receives a command. If an error is detected (not 
ready state), the IDD clears this bit to 0. This is cleared to 0 at power-on and it is 
cleared until the rotational speed of the spindle motor reaches the steady speed. 


- Bit 5: The Device Write Fault (DF) bit. This bit indicates that a device fault (write fault) 
condition has been detected. 


If a write fault is detected during command execution, this bit is latched and retained 
until the device accepts the next command or reset. 


- Bit 4: Device Seek Complete (DSC) bit. This bit indicates that the device heads are 
positioned over a track. 


In the IDD, this bit is always set to 1 after the spin-up control is completed. 
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- Bit 3: Data Request (DRQ) bit. This bit indicates that the device is ready to transfer data of 
word unit or byte unit between the host system and the device. 


- Bit 1: Always 0. 


- Bit 0: Error (ERR) bit. This bit indicates that an error was detected while the previous 
command was being executed. The Error register indicates the additional 
information of the cause for the error. 


Command register (X'1F7') 


The Command register contains a command code being sent to the device. After this register is 
written, the command execution starts immediately. 


Table 5.3 lists the executable commands and their command codes. This table also lists the 


necessary parameters for each command which are written to certain registers before the Command 
register is written. 
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5.3 


Control block registers 


Alternate Status register (X'3F6') 


The Alternate Status register contains the same information as the Status register of the command 
block register. 


The only difference from the Status register is that a read of this register does not imply Interrupt 
Acknowledge and INTRQ signal is not reset. 


Device Control register (X'3F6') 


The Device Control register contains device interrupt and software reset. 


x 


- Bit 2: 


- Bit 1: 


SRST is the host software reset bit. When this bit is set, the device is held reset state. 
When two device are daisy chained on the interface, setting this bit resets both device 
simultaneously. 


The slave device is not required to execute the DASP- handshake. 


nIEN bit enables an interrupt INTRQ signal) from the device to the host. When this 
bit is 0 and the device is selected, an interruption (INTRQ signal) can be enabled 
through a tri-state buffer. When this bit is | or the device is not selected, the INTRQ 
signal is in the high-impedance state. 


Host Commands 


The host system issues a command to the device by writing necessary parameters in related 
registers in the command block and writing a command code in the Command register. 


The device can accept the command when the BSY bit is 0 (the device is not in the busy status). 


The host system can halt the uncompleted command execution only at execution of hardware or 
software reset. 


When the BSY bit is 1 or the DRQ bit is 1 (the device is requesting the data transfer) and the host 
system writes to the command register, the correct device operation is not guaranteed. 
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5.3.1. Command code and parameters 


Table 5.3 lists the supported commands, command code and the registers that needed parameters 
are written. 


Table 5.3. Command code and parameters (1 of 2) 


Command code (Bit) Parameters used 


Command name 
7 {6 {54/3 | 2] 1 [0 [rR|sc]su|cy[pn 
faeansecrors fo] rfofofofolely]y[y[y]y 
ReaDMuLTPLE tft fol olfolilolo[niy} yy ¥| 
Ee a ee 


1 1 1 1 1 1 
sermearres de Po 
sermurmewooe [1 fr foo fof} fo) 
secrenevr enonne [fw fo [Toe nf o[x[x] x fm 
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Table 5.3. Command code and parameters (2 of 2) 


Command code (Bit) Parameters used 
Command name 
}7 Lo] s|4 {3 [2] 1 [0 [Fr]sc|sn |cy[pa 


SMART owe EE Eh 


Notes: 
FR : Features Register CY: Cylinder Registers 
SC : Sector Count Register DH : Drive/Head Register 
SN : Sector Number Register 


R: Retry at error 
1 = Without retry 0 = with retry 


Y: Necessary to set parameters 
Y*: Necessary to set parameters under the LBA mode. 


N: Necessary to set parameters (The parameter is ignored if it is set.) 
N*: May set parameters 


D: The device parameter is valid, and the head parameter is ignored. 


D*: The command is addressed to the master device, but both the master device and the slave 
device execute it. 


X: Do not care 
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5.3.2 


Command descriptions 


The contents of the I/O registers to be necessary for issuing a command and the example indication 
of the I/O registers at command completion are shown as following in this subsection. 


Example: READ SECTOR(S) WITH RETRY 


At command issuance (I/O registers setting contents) 


1F7}(CM) 


1F6,(DH) eae Head No. / LBA [MSB] 


1F5y(CH) Start cylinder address [MSB] / LBA 


1F4,(CL) Start cylinder address [LSB] /LBA 


1F34(SN) Start sector No. / LBA [LSB] 


At command completion (I/O registers contents to be read) 


= et Ta Bor | | 
1F7,(ST) Error information 
1F5y4(CH) Start cylinder address [MSB] / LBA 
1F4,(CL) Start cylinder address [LSB] /LBA 


1F3y(SN) Start sector No. / LBA [LSB] 


CM: Command register FR: Features register 

DH: Device/Head register ST: Status register 

CH: Cylinder High register ER: Error register 

CL: Cylinder Low register L: LBA (logical block address) setting bit 
SN: Sector Number register DV: Device address. bit 

SC: Sector Count register x, Xx: Do not care (no necessary to set) 
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Note: 


1. When the L bit is specified to 1, the lower 4 bits of the DH register and all bits of the CH, 
CL and SN registers indicate the LBA bits (bits of the DH register are the MSB (most 
significant bit) and bits of the SN register are the LSB (least significant bit). 


2. Aterror occurrence, the SC register indicates the remaining sector count of data transfer. 


3. In the table indicating I/O registers contents in this subsection, bit indication is omitted. 


READ SECTOR(S) (X'20! or X'21') 


This command reads data of sectors specified in the Sector Count register from the address specified in 
the Device/Head, Cylinder High, Cylinder Low and Sector Number registers. Number of sectors can be 
specified to 256 sectors in maximum. To specify 256 sectors reading, '00' is specified. For the DRQ, 
INTRQ, and BSY protocols related to data transfer, see Subsection 4.4.1. 


If the head is not on the track specified by the host, the device performs a implied seek. After the 
head reaches to the specified track, the device reads the target sector. 


When the command is specified without retry (R bit = 1) or with retry (R bit = 0), the device 
attempts to read the target sector up to 126 times. 


The DRQ bit of the Status register is always set prior to the data transfer regardless of an error 
condition. 


Upon the completion of the command execution, command block registers contain the cylinder, 
head, and sector addresses (in the CHS mode) or logical block address (in the LBA mode) of the 
last sector read. 


If an error occurs in a sector, the read operation is terminated at the sector where the error occurred. 
Command block registers contain the cylinder, the head, and the sector addresses of the sector (in 


the CHS mode) or the logical block address (in the LBA mode) where the error occurred, and 
remaining number of sectors of which data was not transferred. 


At command issuance (I/O registers setting contents) 
1F74y(CM) 0 0 1 0 0 0 0 R 
1F6,(DH) Start head No. /LBA [MSB] 


1F5y(CH) Start cylinder No. [MSB] /LBA 
1F4,(CL) Start cylinder No. [LSB] /LBA 
1F3,y(SN) Start sector No. / LBA [LSB] 
1F24(SC) Transfer sector count 
1F1,4(FR) XX 


R = 0 >with Retry 
R = | without Retry 
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At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5y4(CH) End cylinder No. [MSB] /LBA 
1F44(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1ly(ER) Error information 


*] If the command is terminated due to an error, the remaining number of 
sectors of which data was not transferred is set in this register. 


READ MULTIPLE (X'C4') 


This command operates similarly to the READ SECTOR(S) command. The device does not 
generate an interrupt (assertion of the INTRQ signal) on each every sector. An interrupt is 
generated after the transfer of a block of sectors for which the number is specified by the SET 
MULTIPLE MODE command. 


The implementation of the READ MULTIPLE command is identical to that of the READ 
SECTOR(S) command except that the number of sectors is specified by the SET MULTIPLE 
MODE command are transferred without intervening interrupts. In the READ MULTIPLE 
command operation, the DRQ bit of the Status register is set only at the start of the data block, and 
is not set on each sector. 


The number of sectors (block count) to be transferred without interruption is specified by the SET 
MULTIPLE MODE command. The SET MULTIPLE MODE command should be executed prior 
to the READ MULTIPLE command. 


When the READ MULTIPLE command is issued, the Sector Count register contains the number of 
sectors requested (not a number of the block count or a number of sectors in a block). 


Upon receipt of this command, the device executes this command even if the value of the Sector Count 
register is less than the defined block count (the value of the Sector Count should not be 0). 


If the number of requested sectors is not divided evenly (having the same number of sectors [block 
count]), as many full blocks as possible are transferred, then a final partial block is transferred. 
The number of sectors in the partial block to be transferred is n where n = remainder of ("number 
of sectors"/"block count"). 


If the READ MULTIPLE command is issued before the SET MULTIPLE MODE command is 
executed or when the READ MULTIPLE command is disabled, the device rejects the READ 
MULTIPLE command with an ABORTED COMMAND error. 


If an error occurs, reading sector is stopped at the sector where the error occurred. Command 
block registers contain the cylinder, the head, the sector addresses (in the CHS mode) or the logical 
block address (in the LBA mode) of the sector where the error occurred, and remaining number of 


sectors that had not transferred after the sector where the error occurred. 


An interrupt is generated when the DRQ bit is set at the beginning of each block or a partial block. 
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Figure 5.2 shows an example of the execution of the READ MULTIPLE command. 


e Block count specified by SET MULTIPLE MODE command = 4 (number of sectors in a 


block) 
e READ MULTIPLE command specifies; 


Number of requested sectors = 9 (Sector Count register = 9) 


J 


Number of sectors in incomplete block = remainder of 9/4 =1 


Vv Command Issue 

Parameter ’ 

Write \/ Status read \/ Status read \/ Status read 
BSY | | 
DRDY — 
INTRO 
DEe Sector ee ae ae ek. 9 

transferred Tot 25 hye Partial 
— 
Block Block block 


Figure 5.2. Execution example of READ MULTIPLE command 


At command issuance (I/O registers setting contents) 
1F74(CM) 1 1 0 0 0 1 0 0 
1F6,(DH) Start head No. /LBA [MSB] 


1F5,(CH) Start cylinder No. [MSB] / LBA 
1F4,,(CL) Start cylinder No. [LSB] /LBA 
1F3,(SN) Start sector No. / LBA [LSB] 


1F24(SC) Transfer sector count 
1F1y(FR) XX 


At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5,(CH) End cylinder No. [MSB] /LBA 
1F4,,(CL) End cylinder No. [LSB] /LBA 
1F3,,(SN) End sector No. / LBA [LSB] 


1F24(SC) 004 
1F1y(ER) Error information 


C141-E034-02EN 


(3) 


Note: 
If the command is terminated due to an error, the remaining number of sectors for which data 
was not transferred is set in this register. 
READ DMA (X'C8' or X'C9") 
This command operates similarly to the READ SECTOR(S) command except for following events. 
e The data transfer starts at the timing of DMARQ signal assertion. 
e The device controls the assertion or negation timing of the DMARQ signal. 


e The device posts a status as the result of command execution only once at completion of the 
data transfer. 


When an error, such as an unrecoverable medium error, that the command execution cannot be continued 
is detected, the data transfer is stopped without transferring data of sectors after the erred sector. The 
device generates an interrupt using the INTRQ signal and posts a status to the host system. The format of 
the error information is the same as the READ SECTOR(S) command. 


In LBA mode 

The logical block address is specified using the start head No., start cylinder No., and first sector 
No. fields. At command completion, the logical block address of the last sector and remaining 
number of sectors of which data was not transferred, like in the CHS mode, are set. 


The host system can select the DMA transfer mode by using the SET FEATURES command. 


1) Single word DMA transfer mode 2: 
Sets the FR register = X'03' and SC register = X'12' by the SET FEATURES command 


2) Multiword DMA transfer mode 2: 
Sets the FR register = X'03' and SC register = X'22' by the SET FEATURES command 


3) Ultra DMA transfer mode 2: 
Sets the FR register = X'03' and SC register = X'42' by the SET FEATURES command 


At command issuance (I/O registers setting contents) 
1F74(CM) 1 1 0 0 1 0 0 R 
1F6,(DH) Start head No. /LBA [MSB] 


1F5y4(CH) Start cylinder No. [MSB] /LBA 
1F44(CL) Start cylinder No. [LSB] /LBA 
1F3y(SN) Start sector No. / LBA [LSB] 
1F24(SC) Transfer sector count 
1F1y(FR) XX 


R=0 —- with Retry 
R= 1 > without Retry 
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At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5y(CH) End cylinder No. [MSB] /LBA 
1F4,(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1ly(ER) Error information 


*] If the command is terminated due to an error, the remaining number of 
sectors of which data was not transferred is set in this register. 


READ VERIFY SECTOR(S) (X'40' or X'41') 


This command operates similarly to the READ SECTOR(S) command except that the data is not 
transferred to the host system. 


After all requested sectors are verified, the device clears the BSY bit of the Status register and 
generates an interrupt. Upon the completion of the command execution, the command block 
registers contain the cylinder, head, and sector number of the last sector verified. 


If an error occurs, the verify operation is terminated at the sector where the error occurred. The 
command block registers contain the cylinder, the head, and the sector addresses (in the CHS 
mode) or the logical block address (in the LBA mode) of the sector where the error occurred. The 
Sector Count register indicates the number of sectors that have not been verified. 


If a correctable error is found, the device sets the CORR bit of the Status register to 1 after the 
command is completed (before the device generates an interrupt). 


At command issuance (I/O registers setting contents) 
1F74y(CM) 0 1 0 0 0 0 0 R 
1F6,(DH) Start head No. /LBA [MSB] 


1F5y(CH) Start cylinder No. [MSB] /LBA 
1F4,(CL) Start cylinder No. [LSB] /LBA 
1F3y(SN) Start sector No. / LBA [LSB] 
1F24(SC) Transfer sector count 
1F14(FR) XX 


R = 0 >with Retry 
R = | without Retry 
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At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5y(CH) End cylinder No. [MSB] /LBA 
1F4,(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1ly(ER) Error information 


*] If the command is terminated due to an error, the remaining number of 
sectors of which data was not transferred is set in this register. 


WRITE SECTOR(S) (X'30' or X'31') 


This command writes data of sectors from the address specified in the Device/Head, Cylinder 
High, Cylinder Low, and Sector Number registers to the address specified in the Sector Count 
register. Number of sectors can be specified to 256 sectors in maximum. Data transfer begins at 
the sector specified in the Sector Number register. For the DRQ, INTRQ, and BSY protocols 
related to data transfer, see Subsection 4.4.2. 


If the head is not on the track specified by the host, the device performs a implied seek. After the 
head reaches to the specified track, the device writes the target sector. 


When the command is specified with retry or without retry, the device attempts to retry up to 16 
times. 


The data stored in the buffer, and CRC code and ECC bytes are written to the data field of the 
corresponding sector(s). Upon the completion of the command execution, the command block 
registers contain the cylinder, head, and sector addresses of the last sector written. 


If an error occurs during multiple sector write operation, the write operation is terminated at the 
sector where the error occurred. Command block registers contain the cylinder, the head, the 
sector addresses (in the CHS mode) or the logical block address (in the LBA mode) of the sector 
where the error occurred. Then the host can read the command block registers to determine what 
error has occurred and on which sector the error has occurred. 


At command issuance (I/O registers setting contents) 
1F74(CM) 0 0 1 1 0 0 0 R 
1F6,(DH) Start head No. /LBA [MSB] 


1F5y(CH) Start cylinder No. [MSB] /LBA 
1F4,(CL) Start cylinder No. [LSB] /LBA 
1F3y(SN) Start sector No. / LBA [LSB] 
1F2,4(SC) Transfer sector count 
1F1,(FR) XX 


R = 0 >with Retry 
R = | without Retry 
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At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5y(CH) End cylinder No. [MSB] /LBA 
1F4,(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1ly(ER) Error information 


*] If the command is terminated due to an error, the remaining number of 
sectors of which data was not transferred is set in this register. 


WRITE MULTIPLE (X'CS') 


This command is similar to the WRITE SECTOR(S) command. The device does not generate 
interrupts (assertion of the INTRQ) signal) on each sector but on the transfer of a block which 
contains the number of sectors for which the number is defined by the SET MULTIPLE MODE 
command. 


The implementation of the WRITE MULTIPLE command is identical to that of the WRITE 
SECTOR(S) command except that the number of sectors is specified by the SET MULTIPLE 
MODE command are transferred without intervening interrupts. In the WRITE MULTIPLE 
command operation, the DRQ bit of the Status register is required to set only at the start of the data 
block, not on each sector. 


The number of sectors (block count) to be transferred without interruption is specified by the SET 
MULTIPLE MODE command. The SET MULTIPLE MODE command should be executed prior 
to the WRITE MULTIPLE command. 


When the WRITE MULTIPLE command is issued, the Sector Count register contains the number of 
sectors requested (not a number of the block count or a number of sectors in a block). 


Upon receipt of this command, the device executes this command even if the value of the Sector Count 
register is less than the defined block count the value of the Sector Count should not be 0). 


If the number of requested sectors is not divided evenly (having the same number of sectors [block 
count]), as many full blocks as possible are transferred, then a final partial block is transferred. The 
number of sectors in the partial block to be transferred is n where n = remainder of ("number of 
sectors"/"block count"). 


If the WRITE MULTIPLE command is issued before the SET MULTIPLE MODE command is 
executed or when WRITE MULTIPLE command is disabled, the device rejects the WRITE 
MULTIPLE command with an ABORTED COMMAND error. 


Disk errors encountered during execution of the WRITE MULTIPLE command are posted after 
attempting to write the block or the partial block that was transferred. Write operation ends at the sector 
where the error was encountered even if the sector is in the middle of a block. If an error occurs, the 
subsequent block shall not be transferred. Interrupts are generated when the DRQ bit of the Status 
register is set at the beginning of each block or partial block. 
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The contents of the command block registers related to addresses after the transfer of a data block 
containing an erred sector are undefined. To obtain a valid error information, the host should retry 
data transfer as an individual requests. 


At command issuance (I/O registers setting contents) 
1F6,(DH) PESrscor Start head No. /LBA [MSB] 


1F5y(CH) Start cylinder No. [MSB] /LBA 
1F44(CL) Start cylinder No. [LSB] /LBA 
1F3y(SN) Start sector No. / LBA [LSB] 
1F24(SC) Transfer sector count 

1F1 (FR) XX 


At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5y(CH) End cylinder No. [MSB] /LBA 
1F44(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F24(SC) 00n 

1F1ly(ER) Error information 


Note: 
When the command terminates due to error, only the DV bit and the error information field are 
valid. 

WRITE DMA (X'CA' or X'CB') 


This command operates similarly to the WRITE SECTOR(S) command except for following 
events. 


e = The data transfer starts at the timing of DMARQ signal assertion. 
e The device controls the assertion or negation timing of the DMARQ signal. 


e The device posts a status as the result of command execution only once at completion of the 
data transfer. 


When an error, such as an unrecoverable medium error, that the command execution cannot be 
continued is detected, the data transfer is stopped without transferring data of sectors after the 
erred sector. The device generates an interrupt using the INTRQ signal and posts a status to the 
host system. The format of the error information is the same as the WRITE SECTOR(S) 
command. 


A host system can be select the following transfer mode using the SET FEATURES command. 
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1) Single word DMA transfer mode 2: 
Sets the FR register = X'03' and SC register = X'12' by the SET FEATURES command 


2) Multiword DMA transfer mode 2: 
Sets the FR register = X'03' and SC register = X'22' by the SET FEATURES command 


3) Ultra DMA transfer mode 2: 
Sets the FR register = X'03' and SC register = X'42' by the SET FEATURES command 


At command issuance (I/O registers setting contents) 
1F6,(DH) cara Start head No. /LBA [MSB] 


1F5y4(CH) Start cylinder No. [MSB] /LBA 
1F44(CL) Start cylinder No. [LSB] /LBA 
1F3y(SN) Start sector No. / LBA [LSB] 
1F24(SC) Transfer sector count 

1F1 (FR) XX 


R = 0 >with Retry 
R = | without Retry 


At command completion (I/O registers contents to be read) 
1F6,4(DH) End head No. /LBA [MSB] 


1F5y(CH) End cylinder No. [MSB] /LBA 
1F4,4(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1y(ER) Error information 


*] If the command is terminated due to an error, the remaining number of 
sectors of which data was not transferred is set in this register. 


WRITE VERIFY (X'3C’) 
This command operates similarly to the WRITE SECTOR(S) command except that the device 


verifies each sector immediately after being written. The verify operation is a read and check for 
data errors without data transfer. Any error that is detected during the verify operation is posted. 
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At command issuance (I/O registers setting contents) 
1F6,(DH) Tee ca Start head No. /LBA [MSB] 


1F5y(CH) Start cylinder No. [MSB] /LBA 
1F4,(CL) Start cylinder No. [LSB] /LBA 
1F3y(SN) Start sector No. / LBA [LSB] 
1F24(SC) Transfer sector count 
1F1q(FR) XX 


R = 0 >with Retry 
R = | without Retry 


At command completion (I/O registers contents to be read) 
1F6,(DH) End head No. /LBA [MSB] 


1F5y(CH) End cylinder No. [MSB] /LBA 
1F4,(CL) End cylinder No. [LSB] /LBA 
1F3y(SN) End sector No. / LBA [LSB] 
1F2,4(SC) 00 (*1) 

1F1y(ER) Error information 


*] If the command is terminated due to an error, the remaining number of 
sectors of which data was not transferred is set in this register. 


RECALIBRATE (X'1x', x: X'0' to X'F’) 
This command performs the calibration. Upon receipt of this command, the device sets BSY bit of 
the Status register and performs a calibration. When the device completes the calibration, the 


device updates the Status register, clears the BSY bit, and generates an interrupt. 


This command can be issued in the LBA mode. 


At command issuance (I/O registers setting contents) 


1F7,4(CM) 


Fm PT = 


1F5,(CH) 
1F4,(CL) 
1F3,4(SN) 
1F2,,(SC) 
1F1(FR) 
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At command completion (I/O registers contents to be read) 
mom [T= [x [oe] 


1F5,4(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1F1ly(ER) Error information 


(10) SEEK (X'7x', x : X'0' to X'F) 


This command performs a seek operation to the track and selects the head specified in the 
command block registers. After completing the seek operation, the device clears the BSY bit in 
the Status register and generates an interrupt. 


The IDD always sets the DSC bit (Drive Seek Complete status) of the Status register to 1. 


In the LBA mode, this command performs the seek operation to the cylinder and head position in 
which the sector is specified with the logical block address. 


At command issuance (I/O registers setting contents) 
1F6,(DH) Pa aes sae Head No. LBA [MSBI 


1F5,,(CH) Cylinder No. [MSB] / LBA 
1F4,,(CL) Cylinder No. [LSB] /LBA 
1F3,4(SN) Sector No. / LBA [LSB] 
1F2,4(SC) Xx 

1F14(FR) Xx 


At command completion (I/O registers contents to be read) 
1F6,(DH) Head No. /LBA [MSB] 


1F5y(CH) Cylinder No. [MSB]/ LBA 
1F44(CL) Cylinder No. [LSB] /LBA 
1F3y(SN) Sector No. / LBA [LSB] 
1F24(SC) XX 

1Fly(ER) Error information 
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INITIALIZE DEVICE PARAMETERS (X’91') 


The host system can set the number of sectors per track and the maximum head number (maximum 
head number is "number of heads minus 1") per cylinder with this command. Upon receipt of this 
command, the device sets the BSY bit of Status register and saves the parameters. Then the device 
clears the BSY bit and generates an interrupt. 


When the SC register is specified to X'00', an ABORTED COMMAND error is posted. Other than 
X'00' is specified, this command terminates normally. 


The parameters set by this command are retained even after reset or power save operation 
regardless of the setting of disabling the reverting to default setting. 


In LBA mode 


The device ignores the L bit specification and operates with the CHS mode specification. An accessible 
area of this command within head moving in the LBA mode is always within a default area. It is 
recommended that the host system refers the addressable user sectors (total number of sectors) in word 
60 to 61 of the parameter information by the IDENTIFY DEVICE command. 


At command issuance (I/O registers setting contents) 
iD PTT Na 


1F5y(CH) 

1F44(CL) XX 

1F3y(SN) XX 

1F2y(SC) Number of sectors/track 
1F1y(FR) XX 


At command completion (I/O registers contents to be read) 
oe es 


1F5,(CH) 

1F4,,(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1F1y(ER) Error Information 


IDENTIFY DEVICE (X'EC’) 


The host system issues the IDENTIFY DEVICE command to read parameter information (512 
bytes) from the device. Upon receipt of this command, the drive sets the BSY bit of Status register 
and sets required parameter information in the sector buffer. The device then sets the DRQ bit of 
the Status register, and generates an interrupt. After that, the host system reads the information out 
of the sector buffer. Table 5.5 shows the arrangements and values of the parameter words and the 
meaning in the buffer. 
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At command issuance (I/O registers setting contents) 


1F7,(CM) 


FD CT = 


1F5,(CH) 
1F4,(CL) 
1F3,4(SN) 
1F2,4(SC) 
1F1(FR) 


At command completion (I/O registers contents to be read) 
an [eT [x oe] 


1F5,(CH) 

1F4,,(CL) XX 
1F34(SN) XX 
1F24(SC) XX 
1F1y(ER) Error information 
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Table 5.4 Information to be read by IDENTIFY DEVICE command (1 of 3) 


X‘OCSA’ General Configuration *1 
1 X‘0D3E’ Number of cylinders MPA3017AT: X‘OD3E’ 
X‘13DE’ MPA3026AT: X‘13DE’ 
X‘1A7C’ MPA3035AT: X‘1A7C’ 
X‘2352’ MPA3043AT: X‘2352’ 
X‘2A62’ MPA30S52AT: X‘2A62’ 


X:0000" 
3 


X‘0010’ or Number of Heads MPA3017AT: X‘0010’ 
X‘000F’ MPA3026AT: X‘0010’ 
MPA3035AT: X‘0010’ 
MPA3043AT: X‘OOOF’ 
MPA3052AT: X‘OOOF’ 


| 6 | X003F" | Number of sectors pertrack 
| to-i9 | - Serial number (ASCH code)*2_0 
| 23-26 | | Firmware revision (ASCI'code)*3_ 
| 27-46 | | Model number (ASCI'code)*4 0 


X‘0003" or Enable/disable setting of words 54-58, 64-70 and 88 *7 
X‘0007" 


60-61 X‘00342778° Total number of user addressable sectors (LBA mode only) MPA3017AT: X‘00342778’ 
X‘004E3B34’ MPA3026AT: X‘004E3B34’ 
X‘00684EF0’ MPA3035AT: X‘00684EF0’ 
X‘008262AC’ MPA3043AT: X‘008262AC’ 
X‘009C7668’ MPA3052AT: X‘009C7668’ 


[| 62 [| x00" id Reserved 
| 63 | X*xx07"___| Multiword DMA transfermode*9 
| 64 | x'0003"__| Advance PIO transfer mode support status*10_ 
| 6s | x'0078"__| Minimum muttiword DMA transfer cycle time per word: 120[ns}_ 
| 66 =| xoo78 | Manufacturer's recommended DMA transfer cycle time : 120 [ns] 
| 67 | xooro | Minimum PIO transfer cycle time without flow control : 240 [ns] 


69-79 


| 68 | X ‘0078’ Minimum PIO transfer cycle time with IORDY flow control : 120 [ns] 


| 80 | X08" | Major versionnumber*11 
| si | X00" ___| Minor version number (not reported) 
| 82 | X-0009" | Support ofcommandsets*12 
| 83 | X40" | Support ofcommandsets (fixed) 


8 X‘0000’ or Ultra DMA modes *13 
X‘0X07’ 


62 
63 
64 
65 
67 
81 
82 
83 

8 
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Table 5.4 Information to be read by IDENTIFY DEVICE command (2 of 3) 


89-127 
Security status not supported 


129-159 Undefined 
160-255 Reserved 


*1 Word 0: General configuration 


Bit 15: 0 = ATA device 

Bit 14-8: Vendor specific 

Bit 7: 1 = Removable media device 

Bit 6: 1 = not removable controller and/or device 
Bit 5-1: Vendor specific 

Bit 0: Reserved 


ooroc°c”cjne 


*2 Word 10-19: Serial number; ASCII code (20 characters, right-justified) 
*3° Word 23-26: Firmware revision; ASCII code (8 characters, Left-justified) 


*4 Word 27-46: Model number; 
ASCII code (40 characters, Left-justified), remainder filled with blank code (X'20') 
One of three model numbers; 
MPA3017AT, MPA3026AT, MPA3035AT, MPA3043AT, MPA3052AT 


*5 Word 49: Capabilities 
Bit 15-14: Reserved 
Bit 13: | Standby timer value 0 = vendor specific 
Bit 12: Reserved 
Bit 11: | IORDY support 1=Supported 
Bit 10: © IORDY inhibition O=Disable inhibition 
Bit 9: LBA support 1=Supported 
Bit 8: DMA support 1=Supported 
Bit 7-0: Vendor specific 


*6 Word 51: PIO data transfer mode 
Bit 15-8: PIO data transfer mode X'02'=PIO mode 2 
Bit 7-0: Vendor specific 


*7 Word 53: Enable/disable setting of word 54-58 and 64-70 
Bit 15-3: Reserved 
Bit 2: Enable/disable setting of word 88 1=Enable 
Bit 1: Enable/disable setting of word 64-70 1=Enable 
Bit0:  Enable/disable setting of word 54-58 1=Enable 
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Table 5.4 Information to be read by IDENTIFY DEVICE command (3 of 3) 


*8 


*9 


*10 


*11 


*12 


*13 


Word 59: Transfer sector count currently set by READ/WRITE MULTIPLE command 

Bit 15-9: Reserved 

Bit 8: Multiple sector transfer 1=Enable 

Bit 7-0: Transfer sector count currently set by READ/WRITE MULTIPLE without 
interrupt supports 2, 4, 8, 16 and 32 sectors. 


Word 63: Multiword DMA transfer mode 
Bit 15-8: Currently used multiword DMA transfer mode 
Bit 7-0: Supportable multiword DMA transfer mode 
Bit 2=1 Mode 2 
Bit l=1 Mode 1 
Bit 0=1 Mode 0 


Word 64: Advance PIO transfer mode support status 
Bit 15-8: Reserved 
Bit 7-0: Advance PIO transfer mode 

Bit 1=1 Mode 4 

Bit 0=1 Mode 3 


Word 80: Major version number 
Bit 15-4: Reserved 

Bit3: ATA-3 Supported=1 
Bit2: ATA-2 Supported=1 
Bit 1: ATA-1 Supported=1 
Bit0: | Undefined 


Word 82: Support of command sets 

Bit 15-4: Reserved 

Bit3: | Power Management feature set supported=1 
Bit 2: | Removable feature set supported=0 

Bit 1: Security feature set supported=0 

Bit0: | SMART feature set supported=1 


Word 88: Ultra DMA modes 
Bit 15-11: Reserved 
Bit 10-8: Currently used Ultra DMA transfer modes 
Bit 7-3: Reserved 
Bit 2-0: Supportable Ultra DMA transfer mode 
Bit 2=1 Mode 2 
Bit 1=1 Mode 1 
Bit 0=1 Mode 0 
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IDENTIFY DEVICE DMA (X'EE’) 


When this command is not used to transfer data to the host in DMA mode, this command functions 
in the same way as the Identify Device command. 


At command issuance (I/O registers setting contents) 


1F7,(CM) 1 1 1 


0 1 1 1 0 
XX 
XX 
XX 
XX 
XX 


1F5,(CH) 
1F4,(CL) 
1F3,(SN) 
1F2,4(SC) 
1F1,(FR) 


At command completion (I/O registers contents to be read) 
1F5,4(CH) XX 
1F4,,(CL) XX 
1F3,,(SN) XX 


1F2y(SC) XX 
1F1y(ER) Error information 


SET FEATURES (X'EF’) 

The host system issues the SET FEATURES command to set parameters in the Features register 
for the purpose of changing the device features to be executed. For the transfer mode (Feature 
register = 03), detail setting can be done using the Sector Count register. 

Upon receipt of this command, the device sets the BSY bit of the Status register and saves the 
parameters in the Features register. Then, the device clears the BSY bit, and generates an 


interrupt. 


If the value in the Features register is not supported or it is invalid, the device posts an ABORTED 
COMMAND error. 


Table 5.5 lists the available values and operational modes that may be set in the Features register. 
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Table 5.5 Features register values and settable modes 


Features Register Drive operation mode 


and multiword DMA mode regardless of Sector Count register contents. 


Disables the write cache function 
Enables the read cache function 


X‘BB’ Specifies the transfer of 4-byte ECC for READ LONG and WRITE LONG 
commands. 


Enables the reverting to power-on default settings after software reset. 


At power-on or after hardware reset, the default mode is the same as that is set with a value greater 
than X‘AA’ (except for write cache). If X‘66’ is specified, it allows the setting value greater than 
X‘AA’ which may have been modified to a new value since power-on, to remain the same even 
after software reset. 


At command issuance (I/O registers setting contents) 
1F74(CM) 1 1 1 0 1 1 1 1 
1F5,4(CH) XX 
1F4,(CL) XX 
1F3y(SN) XX 


1F2y(SC) xx or transfer mode 
1F1,y(FR) [See Table 5.6] 


At command completion (I/O registers contents to be read) 
1F5,4(CH) XX 
1F4,(CL) XX 
1F3,,(SN) XX 


1F2y(SC) XX 
1F1y(ER) Error information 
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The host sets X'03' to the Features register. By issuing this command with setting a value to the 
Sector Count register, the transfer mode can be selected. Upper 5 bits of the Sector Count register 
defines the transfer type and lower 3 bits specifies the binary mode value. 


However, the IDD can operate with the PIO transfer mode 4 and multiword DMA transfer mode 2 
regardless of reception of the SET FEATURES command for transfer mode setting. 


The IDD supports following values in the Sector Count register value. If other value than below is 
specified, an ABORTED COMMAND error is posted. 


PIO default transfer mode 00000 000 (X‘00’) 


PIO flow control transfer mode X 00001 000 (X‘08’: Mode 0) 
00001 001 (X‘09’: Mode 1) 
00001 010 (X‘0A’: Mode 2) 
00001 011 (X‘0B’: Mode 3) 
00001 100 (X‘0C’: Mode 4) 


Single word DMA transfer mode X 00010 000 (X‘10’: Mode 0) 
00010 001 (X‘11’: Mode 1) 
00010 010 (X‘12’: Mode 2) 


Multiword DMA transfer mode X 00100 000 (X‘20’: Mode 0) 
00100 001 (X‘21’: Mode 1) 
00100 010 (X‘22’: Mode 2) 


Ultra DMA transfer mode X 01000 000 (X‘40’: Mode 0) 
01000 001 (X‘41’: Mode 1) 
01000 010 (X‘42’: Mode 2) 


SET MULTIPLE MODE (X'C6') 


This command enables the device to perform the READ MULTIPLE and WRITE MULTIPLE 
commands. The block count (number of sectors in a block) for these commands are also specified 
by the SET MULTIPLE MODE command. 


The number of sectors per block is written into the Sector Count register. The IDD supports 2, 4, 
8, 16 and 32 (sectors) as the block counts. 


Upon receipt of this command, the device sets the BSY bit of the Status register and checks the 
contents of the Sector Count register. If the contents of the Sector Count register is valid and is a 
supported block count, the value is stored for all subsequent READ MULTIPLE and WRITE 
MULTIPLE commands. Execution of these commands is then enabled. If the value of the Sector 
Count register is not a supported block count, an ABORTED COMMAND error is posted and the 
READ MULTIPLE and WRITE MULTIPLE commands are disabled. 


If the contents of the Sector Count register is 0 when the SET MULTIPLE MODE command is 
issued, the READ MULTIPLE and WRITE MULTIPLE commands are disabled. 


When the SET MULTIPLE MODE command operation is completed, the device clears the BSY 
bit and generates an interrupt. 
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At command issuance (I/O registers setting contents) 
DH Ce = 


1F5y(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) Sector count/block 
1F1y(FR) XX 


At command completion (I/O registers contents to be read) 
man [eT Tx [oe] 


1F5},(CH) 

1F4,,(CL) XX 
1F3,(SN) XX 
1F2y(SC) Sector count/block 
1F1y(ER) Error information 


After power-on or after hardware reset, the READ MULTIPLE and WRITE MULTIPLE 
command operation are disabled as the default mode. 


Regarding software reset, the mode set prior to software reset is retained after software reset. 


The parameters for the multiple commands which are posted to the host system when the 
IDENTIFY DEVICE command is issued are listed below. See Subsection 5.3.2 for the 
IDENTIFY DEVICE command. 


Word 47 = 0020: | Maximum number of sectors that can be transferred per interrupt by the 
READ MULTIPLE and WRITE MULTIPLE commands are 32 (fixed). 
Word 59 = 0000: =The READ MULTIPLE and WRITE MULTIPLE commands are disabled. 


=Olxx: |The READ MULTIPLE and WRITE MULTIPLE commands are enabled. 
"xx" indicates the current setting for number of sectors that can be 
transferred per interrupt by the READ MULTIPLE and WRITE 


MULTIPLE commands. 
e.g. 0110 = Block count of 16 has been set by the SET MULTIPLE MODE 
command. 
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EXECUTE DEVICE DIAGNOSTIC (X’90") 


This command performs an internal diagnostic test (self-diagnosis) of the device. This command 
usually sets the DRV bit of the Drive/Head register is to 0 (however, the DV bit is not checked). If 
two devices are present, both devices execute self-diagnosis. 


If device 1 is present: 


e Both devices shall execute self-diagnosis. 

e = The device 0 waits for up to 5 seconds until device | asserts the PDIAG- signal. 

e If the device 1 does not assert the PDIAG- signal but indicates an error, the device 0 shall 
append X‘80’ to its own diagnostic status. 

e The device 0 clears the BSY bit of the Status register and generates an interrupt. (The device 
1 does not generate an interrupt.) 

e A diagnostic status of the device | is read by the host system. When a diagnostic failure of the 
device | is detected, the host system can read a status of the device 1 by setting the DV bit 
(selecting the device 1). 


When device | is not present: 


e The device 0 posts only the results of its own self-diagnosis. 
e = The device 0 clears the BSY bit of the Status register, and generates an interrupt. 


Table 5.6 lists the diagnostic code written in the Error register which is 8-bit code. 
If the device | fails the self-diagnosis, the device 0 "ORs" X*80’ with its own status and sets that 


code to the Error register. 


Table 5.6 Diagnostic code 


Result of diagnostic 


No error detected. 


Data buffer compare error 
ROM sum check error 
Failure of device 1 
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At command issuance (I/O registers setting contents) 


1F74(CM) 1 0 0 1 0 0 0 0 


XX 
XX 
XX 
XX 
XX 


1F5,(CH) 
1F4,(CL) 
1F3,(SN) 
1F2,,(SC) 
1F1,4(FR) 


At command completion (I/O registers contents to be read) 


1F5},(CH) XX 
1F4,,(CL) XX 
1F3,(SN) Oly FD 
1F2;(SC) Oly 
1F1,,(ER) Diagnostic code 


*1 This register indicates X‘00’ in the LBA mode. 


FORMAT TRACK (X’50') 


Upon receipt of this command, the device sets the DRQ bit and waits the completion of 512-byte 
format parameter transfer from the host system. After completion of transfer, the device clears the 
DRQ bits, sets the BSY bit. However the device does not perform format operation, but the drive 
clears the BYS bit and generates an interrupt soon. When the command execution completes, the 
device clears the BSY bit and generates an interrupt. 


The drive supports this command for keep the compatibility with previous drive only. 


READ LONG (X'22' or X'23') 

This command operates similarly to the READ SECTOR(S) command except that the device 
transfers the data in the requested sector and the ECC bytes to the host system. The ECC error 
correction is not performed for this command. This command is used for checking ECC function 


by combining with the WRITE LONG command. 


Number of ECC bytes to be transferred is fixed to 4 bytes and cannot be changed by the SET 
FEATURES command. 


The READ LONG command supports only single sector operation. 
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At command issuance (I/O registers setting contents) 
1F6,(DH) Pele eae Head No. /LBA [MSBi 


1F5y(CH) Cylinder No. [MSB] / LBA 
1F4,(CL) Cylinder No. [LSB] /LBA 
1F3y(SN) Sector No. / LBA [LSB] 
1F24(SC) Number of sectors to be transferred 
1F1q(FR) XX 


R = 0 >with Retry 
R = | without Retry 


At command completion (I/O registers contents to be read) 
1F6,(DH) Head No. /LBA [MSB] 


1F5y(CH) Cylinder No. [MSB]/ LBA 
1F4,(CL) Cylinder No. [LSB] /LBA 
1F3y(SN) Sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1y(ER) Error information 


*1 If the command is terminated due to an error, this register indicates 01. 


WRITE LONG (X'32' or X'33') 

This command operates similarly to the READ SECTOR(S) command except that the device 
writes the data and the ECC bytes transferred from the host system to the disk medium. The device 
does not generate ECC bytes by itself. The WRITE LONG command supports only single sector 


operation. 


The number of ECC bytes to be transferred is fixed to 4 bytes and can not be changed by the SET 
FEATURES command. 


This command is operated under the following conditions: 
e The command is issued in a sequence of the READ LONG or WRITE LONG (to the same 
address) command issuance. (WRITE LONG command can be continuously issued after the 


READ LONG command.) 


If above condition is not satisfied, the command operation is not guaranteed. 
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At command issuance (I/O registers setting contents) 
1F6,(DH) Pela leas Head No. /LBA [MSBi 


1F5y(CH) Cylinder No. [MSB]/ LBA 
1F4,(CL) Cylinder No. [LSB] /LBA 
1F3y(SN) Sector No. / LBA [LSB] 
1F24(SC) Number of sectors to be transferred 
1F1q(FR) XX 


R = 0 >with Retry 
R = | without Retry 


At command completion (I/O registers contents to be read) 
1F6,(DH) Head No. /LBA [MSB] 


1F5y(CH) Cylinder No. [MSB]/ LBA 
1F4,(CL) Cylinder No. [LSB] /LBA 
1F3y(SN) Sector No. / LBA [LSB] 
1F24(SC) 00 (*1) 

1F1y(ER) Error information 


*1 If the command is terminated due to an error, this register indicates 01. 


READ BUFFER (X'E4') 


The host system can read the current contents of the sector buffer of the device by issuing this 
command. Upon receipt of this command, the device sets the BSY bit of Status register and sets 
up the sector buffer for a read operation. Then the device sets the DRQ bit of Status register, 
clears the BSY bit, and generates an interrupt. After that, the host system can read up to 512 bytes 
of data from the buffer. 


At command issuance (I/O registers setting contents) 
DH Pee = 


1F5,(CH) 
1F4,,(CL) 
1F3,(SN) 
1F2,,(SC) 
1F14(FR) 
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At command completion (I/O registers contents to be read) 
mom [T= [x [oe] 


1F5,4(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1F1ly(ER) Error information 


WRITE BUFFER (X’'E8’) 


The host system can overwrite the contents of the sector buffer of the device with a desired data 
pattern by issuing this command. Upon receipt of this command, the device sets the BSY bit of the 
Status register. Then the device sets the DRQ bit of Status register and clears the BSY bit when 
the device is ready to receive the data. After that, 512 bytes of data is transferred from the host 
and the device writes the data to the sector buffer, then generates an interrupt. 


At command issuance (I/O registers setting contents) 


1F7}(CM) 


FD Pe = 


1F5,,(CH) 
1F4,,(CL) 
1F3,,(SN) 
1F2,,(SC) 
1F14(FR) 


At command completion (I/O registers contents to be read) 
mo [T= [x [oe] 


1F5,4(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1F1ly(ER) Error information 
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IDLE (X’97' or X’E3') 


Upon receipt of this command, the device sets the BSY bit of the Status register, and enters the 
idle mode. Then, the device clears the BSY bit, and generates an interrupt. The device generates an 
interrupt even if the device has not fully entered the idle mode. If the spindle of the device is 
already rotating, the spin-up sequence shall not be implemented. 


If the contents of the Sector Count register is other than 0, the automatic power-down function is 
enabled and the timer starts countdown immediately. When the timer reaches the specified time, 
the device enters the standby mode. 


If the contents of the Sector Count register is 0, the automatic power-down function is disabled. 


Enabling the automatic power-down function means that the device automatically enters the 
standby mode after a certain period of time. When the device enters the idle mode, the timer starts 
countdown. If any command is not issued while the timer is counting down, the device 
automatically enters the standby mode. If any command is issued while the timer is counting 
down, the timer is initialized and the command is executed. The timer restarts countdown after 
completion of the command execution. 


The period of timer count is set depending on the value of the Sector Count register as shown 
below. 


Sector Count register value Point of timer 


0 [X'00'] Disable of timer 


lto3 [X'01' to X'03'] 15 seconds 


4 to 240 [X'04' to X'FO'] (Value x5) seconds 


241 to 251 [X'FI1' to X'FB’] 
254 to 255 [X'FE' to X'FF'] 


At command issuance (I/O registers setting contents) 


1F7,(CM) X'97' or X'E3' 


1F5y(CH) XX 
1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) Period of timer 
1F1y(FR) XX 
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At command completion (I/O registers contents to be read) 
mom [T= [x [oe] 


1F5,4(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1Fly(ER) Error information 


IDLE IMMEDIATE (X’95' or X'E1') 


Upon receipt of this command, the device sets the BSY bit of the Status register, and enters the 
idle mode. Then, the device clears the BSY bit, and generates an interrupt. This command does not 
support the automatic power-down function. 


At command issuance (I/O registers setting contents) 


1F74y(CM) X'95' or X'EL' 


mon [T= T= [oe] 


1F5,(CH) 
1F4,,(CL) 
1F3,,(SN) 
1F2,,(SC) 
1F14(FR) 


At command completion (I/O registers contents to be read) 
oe 


1F5,4(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1F1ly(ER) Error information 
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STANDBY (X'96' or X'E2') 


Upon receipt of this command, the device sets the BSY bit of the Status register and enters the 
standby mode. The device then clears the BSY bit and generates an interrupt. The device 
generates an interrupt even if the device has not fully entered the standby mode. If the device has 
already spun down, the spin-down sequence is not implemented. 


If the contents of the Sector Count register is other than 0, the automatic power-down function is 
enabled and the timer starts countdown when the device returns to idle mode. 


When the timer value reaches 0 (passed a specified time), the device enters the standby mode. 
If the contents of the Sector Count register is 0, the automatic power-down function is disabled. 


Under the standby mode, the spindle motor is stopped. Thus, when the command involving a seek 
such as the READ SECTOR(s) command is received, the device processes the command after 
driving the spindle motor. 


At command issuance (I/O registers setting contents) 
1F74(CM) X'96' or X'E2' 
monn [T= [x [oe] 


1F5y(CH) 

1F44(CL) XX 
1F3y(SN) XX 
1F2y(SC) Period of timer 
1F1y(FR) XX 


At command completion (I/O registers contents to be read) 
ma [eT [Tx oe] 


1F5,(CH) 

1F4,,(CL) XX 
1F3y(SN) XX 
1F2y(SC) XX 
1F1y(ER) Error information 


STANDBY IMMEDIATE (X'94' or X'E0') 
Upon receipt of this command, the device sets the BSY bit of the Status register and enters the 


standby mode. The device then clears the BSY bit and generates an interrupt. This command does 
not support the automatic power-down sequence. 
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At command issuance (I/O registers setting contents) 
1F74(CM) X'94' or X'EO' 
XX 
XX 
XX 
XX 
XX 


1F5,(CH) 
1F4,(CL) 
1F3,(SN) 
1F2,,(SC) 
1F1,4(FR) 


At command completion (I/O registers contents to be read) 
1F5,(CH) XX 
1F4,,(CL) XX 
1F3,,(SN) XX 


1F2y(SC) XX 
1F1y(ER) Error information 


(26) SLEEP (X'99' or X'E6') 
This command is the only way to make the device enter the sleep mode. 
Upon receipt of this command, the device sets the BSY bit of the Status register and enters the 
sleep mode. The device then clears the BSY bit and generates an interrupt. The device generates 


an interrupt even if the device has not fully entered the sleep mode. 


In the sleep mode, the spindle motor is stopped and the ATA interface section is inactive. All I/O 
register outputs are in high-impedance state. 


The only way to release the device from sleep mode is to execute a software or hardware reset. 


At command issuance (I/O registers setting contents) 


1F7,(CM) X'99' or X'E6' 


1F5,(CH) Xx 
1F4,(CL) 
1F3,(SN) 
1F24(SC) 
1F1,(FR) 
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At command completion (I/O registers contents to be read) 
mom [T= [x [oe] 


1F5,(CH) 
1F4,(CL) 
1F3,(SN) 
1F2,4(SC) 
1F1,;(ER) 


(27) 


XX 
XX 
XX 

Error information 


CHECK POWER MODE (X'98' or X'E5') 


The host checks the power mode of the device with this command. 


The host system can confirm the power save mode of the device by analyzing the contents of the 


Sector Count and Sector registers. 


The device sets the BSY bit and sets the following register value. After that, the device clears the 


BSY bit and generates an interrupt. 


¢ During moving to standby mode 
¢ Standby mode 


¢ During returning from the standby mode 


Idle mode 
Active mode 


X'FF' 
| xr | 
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At command issuance (I/O registers setting contents) 
1F74(CM) X'98' or X'ES' 
XX 
XX 
XX 
XX 
XX 


1F5,(CH) 
1F4,(CL) 
1F3,(SN) 
1F2,,(SC) 
1F1,4(FR) 


At command completion (I/O registers contents to be read) 
1F5,4(CH) XX 
1F4,,(CL) XX 
1F3,,(SN) XX 
1F2)4(SC) X'00' or X'FF' 
1F1y(ER) Error information 


SMART (X'BO) 


This command performs operations for device failure predictions according to a subcommand 
specified in the FR register. If the value specified in the FR register is supported, the Aborted 
Command error is posted. 


It is necessary for the host to set the keys (CL = 4Fh and CH = C2h) in the CL and CH registers 
prior to issuing this command. If the keys are set incorrectly, the Aborted Command error is 
posted. 


In the default setting, the failure prediction feature is disabled. In this case, the Aborted Command 
error is posted in response to subcommands other than SMART Enable Operations (FR register = 
D&h). 


When the failure prediction feature is enabled, the device collects or updates several items to 


forecast failures. In the following sections, note that the values of items collected or updated by 
the device to forecast failures are referred to as attribute values. 
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Table 5.7 Features Register values (subcommands) and functions 


Features Resister Function 


X’DO’ SMART Read Attribute Values: 
A device that received this subcommand asserts the BSY bit and saves all the 
updated attribute values. The device then clears the BSY bit and transfers 512-byte 
attribute value information to the host. 
* For information about the format of the attribute value information, see Table 5.8. 


XDI’ SMART Read Attribute Thresholds: 
This subcommand is used to transfer 512-byte insurance failure threshold value data 
to the host. 
* For information about the format of the insurance failure threshold value data, see 
Table 5.9. 


X’D2’ SMART Enable-Disable Attribute AutoSave: 
This subcommand is used to enable (SC register !!XX!! 00h) or disable (SC register 
= 00h) the setting of the automatic saving feature for the device attribute data. The 
setting is maintained every time the device is turned off and then on. When the 
automatic saving feature is enabled, the attribute values are saved before the device 
enters the power saving mode. However, if the failure prediction feature is disabled, 
the attribute values are not automatically saved. 
When the device receives this subcommand, it asserts the BSY bit, enables or 


disables the automatic saving feature, then clears the BSY bit. 


X’D3’ SMART Save Attribute Values: 
When the device receives this subcommand, it asserts the BSY bit, saves device 
attribute value data, then clears the BSY bit. 

xX’D8’ SMART Enable Operations: 
This subcommand enables the failure prediction feature. The setting is maintained 
even when the device is turned off and then on. 
When the device receives this subcommand, it asserts the BSY bit, enables the failure 
prediction feature, then clears the BSY bit. 

x’D9” SMART Disable Operations: 
This subcommand disables the failure prediction feature. The setting is maintained 
even when the device is turned off and then on. 
When the device receives this subcommand, it asserts the BSY bit, disables the 
failure prediction feature, then clears the BSY bit. 


X’DA’ SMART Return Status: 
When the device receives this subcommand, it asserts the BSY bit and saves the 
current device attribute values. Then the device compares the device attribute values 
with insurance failure threshold values. If there is an attribute value exceeding the 
threshold, F4h and 2Ch are loaded into the CL and CH registers. If there are no 
attribute values exceeding the thresholds, 4Fh and C2h are loaded into the CL and 
CH registers. After the settings for the CL and CH registers have been determined, 
the device clears the BSY bit 


The host must regularly issue the SMART Read Attribute Values subcommand (FR register = 
DOh), SMART Save Attribute Values subcommand (FR register = D3h), or SMART Return Status 
subcommand (FR register = DAh) to save the device attribute value data on a medium. 


Alternative, the device must issue the SMART Enable-Disable Attribute AutoSave subcommand 


(FR register = D2h) to use a feature which regularly save the device attribute value data to a 
medium. 
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The host can predict failures in the device by periodically issuing the SMART Return Status 
subcommand (FR register = DAh) to reference the CL and CH registers. 


If an attribute value is below the insurance failure threshold value, the device is about to fail or the 
device is nearing the end of it life . In this case, the host recommends that the user quickly backs 
up the data. 


At command issuance (I-O registers setting contents) 
1F74(CM) 1 0 1 1 0 0 0 0 


1F5y(CH) Key (C2h) 
1F44(CL) Key (4Fh) 
1F3y(SN) XX 
1F24(SC) XX 
1F1yCFR) Subcommand 


At command completion (I-O registers setting contents) 


1F5,(CH) Key-failure prediction status (C2h-2Ch) 
1F4,,(CL) Key-failure prediction status (4Fh-F4h) 
1F3,(SN) XX 

1F24(SC) XX 

1F1y(ER) Error information 
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The attribute value information is 512-byte data; the format of this data is shown below. The host 
can access this data using the SMART Read Attribute Values subcommand (FR register = DOh). 
The insurance failure threshold value data is 512-byte data; the format of this data is shown below. 
The host can access this data using the SMART Read Attribute Thresholds subcommand (FR 
register = D1h). 


Table 5.8 Format of device attribute value data 


Attribute 1 Attribute ID 
— Status flag 
04 
Attribute value for worst case so far 


Raw attribute value 


Reserved 


Attribute 2 to (The format of each attribute value is the same as that 
attribute 30 of bytes 02 to OD.) 

Reserved 

Failure prediction capability flag 


Reserved 


Vendor specific 
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Table 5.9 Format of insurance failure threshold value data 


Attribute ID 
Insurance failure threshold 


Threshold 1 
(Threshold of Reserved 
attribute 1) 


Threshold 2 to (The format of each threshold value is the same as 
threshold 30 that of bytes 02 to OD.) 


Reserved 


Unique to vendor 


[Flack SSCS 


Data format version number 


The data format version number indicates the version number of the data format of the device 
attribute values or insurance failure thresholds. The data format version numbers of the device 
attribute values and insurance failure thresholds are the same. When a data format is changed, 
the data format version numbers are updated. 
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Attribute ID 


The attribute ID is defined as follows: 


) 
2 


Status flag 


Bit 0: If this bit is 1, the attribute is within the insurance range of the device when the attribute 
exceeds the threshold. 


If this bit is 0, the attribute is outside the insurance range of the device when the attribute 
exceeds the threshold. 


Bits 1 to 15: Reserved bits 

Current attribute value 

The current attribute value is the normalized raw attribute data. The value varies between 01h 
and 64h. The closer the value gets to Olh, the higher the possibility of a failure. The device 
compares the attribute values with thresholds. When the attribute values are larger than the 
thresholds, the device is operating normally. 


Attribute value for the worst case so far 


This is the worst attribute value among the attribute values collected to date. This value 
indicates the state nearest to a failure so far. 
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Raw attribute value 
Raw attributes data is retained. 
Failure prediction capability flag 


Bit 0: The attribute value data is saved to a medium before the device enters power saving 
mode. 


Bit 1: The device automatically saves the attribute value data to a medium after the previously set 
operation. 


Bits 2 to 15: Reserved bits 
Check sum 


Two's complement of the lower byte, obtained by adding 511-byte data one byte at a time from 
the beginning. 


Insurance failure threshold 


The limit of a varying attribute value. The host compares the attribute values with the 
thresholds to identify a failure. 
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5.3.3. Error posting 


Table 5.10 lists the defined errors that are valid for each command. 


Table 5.10 Command code and parameters 


Command name Error register (X'1F1') Status register (X'1F7') 


poe [sr re [oy [ow [co [or 
Vv 
Vv 
Vv 
Vv 
Vv 
Vv 


eansecrons) [vv | 
Pwerne sectors) |v |__| 
Preap mums |v | v | 
wernewmunrie |v |_| 
Enea 
ra 


Pwerne verry |v |v 
FREAD VERIFY SECTORS |v | 
rrecatmrare |__| 


SEEK 


a 

INITIALIZE DEVICE 

Pavan | 
= 
ra ae 


a 


E 


a 


<|< 


[serrearunes [| | |v | 
[sermucnmuemone | |_| |» | |» |v | 
exe CCT 
DIAGNOSTIC 

frorwarreack | |_| v[v]| 

rreapions _-fv{_|[v[v] 
Pwenecons fv |_|[v[v] 
freapeurrer {| |_| -»|[|»l]v] |v 
Twenenurree {|_| | |~|[|~]v] |v 
oe —~+i| _|_|_~»t_ ea 
foemmepare | |__| _ 

[sranpey_——+| | +t 
[sranpay naweiare [| |_| 
SLEEP Pd 
[cuzce rower mone | |__| _ 
Tarr S| | (df vp | 
Fvaiaconmans | |_| |v] 


V: Valid on this command 
*: See the command descriptions. 


< 


< 

; 
ee 
=| 


<|</< 
<|}<1<|[<]|< 
<|</1< 


eee acie 
<|-< 


<}<1<[<]<}|<1<1]<][<]<]< 


<}<1<[<|]<]|<1<]< 


5-54 C141-E034-02EN 


5.4 


5.4.1 


Command Protocol 


The host should confirm that the BSY bit of the Status register of the device is 0 prior to issue a 
command. If BSY bit is 1, the host should wait for issuing a command until BSY bit is cleared to 


0. 


Commands can be executed only when the DRDY bit of the Status register is 1. However, the 
following commands can be executed even if DRDY bit is 0. 


EXECUTE DEVICE DIAGNOSTIC 
INITIALIZE DEVICE PARAMETERS 


Data transferring commands from device to host 


The execution of the following commands involves data transfer from the device to the host. 


IDENTIFY DEVICE 

IDENTIFY DEVICE DMA 

READ SECTOR(S) 

READ LONG 

READ BUFFER 

SMART: SMART Read Attribute Values, SMART Read Attribute Thresholds 


The execution of these commands includes the transfer one or more sectors of data from the device 
to the host. In the READ LONG command, 516 bytes are transferred. Following shows the 
protocol outline. 


a) 
b) 
c) 
d) 


e) 


The host writes any required parameters to the Features, Sector Count, Sector Number, 
Cylinder, and Device/Head registers. 

The host writes a command code to the Command register. 

The device sets the BSY bit of the Status register and prepares for data transfer. 

When one sector (or block) of data is available for transfer to the host, the device sets DRQ bit 
and clears BSY bit. The drive then asserts INTRQ signal. 

After detecting the INTRQ signal assertion, the host reads the Status register. The host reads 
one sector of data via the Data register. In response to the Status register being read, the 
device negates the INTRQ signal. 

The drive clears DRQ bit to 0. If transfer of another sector is requested, the device sets the 
BSY bit and steps d) and after are repeated. 


Even if an error is encountered, the device prepares for data transfer by setting the DRQ bit. 
Whether or not to transfer the data is determined for each host. In other words, the host should 
receive the relevant sector of data (512 bytes of uninsured dummy data) or release the DRQ status 
by resetting. 


Figure 5.3 shows an example of READ SECTOR(S) command protocol, and Figure 5.4 shows an 
example protocol for command abort. 
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Command 


Parameter write Vv Status read Status read 
a b Cc 1 r-e@eoee 7 
a :€ :€ 
BSY | : ! —: 
DRDY — id 2 s 
DRQ : r @ee0e : amas 
INTRO 


Data transfer HT wl 


Expanded oe 
Command eet 


—+: '4—Min. 30 ps (*1) 


DRQ | — 
Pail 

INTRQ = | 

Data Reg. 

Selection / / ie 


>< 


Data x Xx , So. Xx 


sss Bc Z i 


Word : 0 1 2 255 


IOCS16- 


*] When the IDD receives a command that hits the cache data during read-ahead, and 
transfers data from the buffer without reading from the disk medium. 


Figure 5.3 Read Sector(s) command protocol 


Even if the error status exists, the drive makes a preparation (setting the DRQ bit) of data transfer. 
It is up to the host whether data is transferred. In other words, the host should receive the data of 
the sector (512 bytes of uninsured dummy data) or release the DRQ by resetting. 
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5.4.2 


Note: 


For transfer of a sector of data, the host needs to read Status register (X'1F7') in order to clear 
INTRQ (interrupt) signal. The Status register should be read within a period from the DRQ 
setting by the device to 50 Us after the completion of the sector data transfer. Note that the 
host does not need to read the Status register for the reading of a single sector or the last sector 
in multiple-sector reading. If the timing to read the Status register does not meet above 
condition, normal data transfer operation is not guaranteed. 


When the host new command even if the device requests the data transfer (setting in DRQ bit), 
the correct device operation is not guaranteed. 


Command 


. Status read 
Parameter write 


VV 
y : 


BSY 


DRDY — 


DRQ 


INTRO 


ae HITT 


* Transfers dummy data 


* The host should receive 512-byte dummy data or release the DRQ set state by resetting. 


Figure 5.4 Protocol for command abort 


Data transferring commands from host to device 


The execution of the following commands involves Data transfer from the host to the drive. 


FORMAT TRACK 
WRITE SECTOR(S) 
WRITE LONG 
WRITE BUFFER 
WRITE VERIFY 


The execution of these commands includes the transfer one or more sectors of data from the host to 
the device. In the WRITE LONG command, 516 bytes are transferred. Following shows the 
protocol outline. 


a) The host writes any required parameters to the Features, Sector Count, Sector Number, 
Cylinder, and Device/Head registers. 


b) The host writes a command code in the Command register. The drive sets the BSY bit of the 
Status register. 
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c) When the device is ready to receive the data of the first sector, the device sets DRQ bit and 
clears BSY bit. 


d) The host writes one sector of data through the Data register. 
e) The device clears the DRQ bit and sets the BSY bit. 


f) When the drive completes transferring the data of the sector, the device clears BSY bit and 
asserts INTRQ signal. If transfer of another sector is requested, the drive sets the DRQ bit. 


g) After detecting the INTRQ signal assertion, the host reads the Status register. 
h) The device resets INTRQ (the interrupt signal). 
I) If transfer of another sector is requested, steps d) and after are repeated. 


Figure 5.5 shows an example of WRITE SECTOR(S) command protocol, and Figure 5.4 shows an 
example protocol for command abort. 


Parameter write V Command Status read Status read 
VV is V —¥ 
psy — | we Se 


INTRQ : | 

Data transfer : d TTT] d HITT] 
Expanded.--~ : 

Command - 


DRQ ;¢—* Max. | tls 


Data Reg. Selection 


Data De re va see 


IOR- : | | a eiee an 


Word: 0 1 2 255 


IOCS16 


Figure 5.5 WRITE SECTOR(S) command protocol 
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5.4.3 


Note: 


For transfer of a sector of data, the host needs to read Status register (X'1F7') in order to clear 
INTRQ (interrupt) signal. The Status register should be read within a period from the DRQ 
setting by the device to 50 Us after the completion of the sector data transfer. Note that the 
host does not need to read the Status register for the first and the last sector to be transferred. 
If the timing to read the Status register does not meet above condition, normal data transfer 
operation is not assured guaranteed. 


When the host issues the command even if the drive requests the data transfer (DRQ bit is set), 
or when the host executes resetting, the device correct operation is not guaranteed. 


Commands without data transfer 


Execution of the following commands does not involve data transfer between the host and the 
device. 


RECALIBRATE 

SEEK 

READY VERIFY SECTOR(S) 
EXECUTE DEVICE DIAGNOSTIC 
INITIALIZE DEVICE PARAMETERS 
SET FEATURES 

SET MULTIPLE MODE 

IDLE 

IDLE IMMEDIATE 

STANDBY 

STANDBY IMMEDIATE 

CHECK POWER MODE 

SMART: except for SMART Read Attribute values and SMART Read Attribute Thresholds 


Figure 5.6 shows the protocol for the command execution without data transfer. 


Command 
Parameter write ' NZ Status read 
eV ee 
BSY : : 
Th 
DRDY — 
INTRQ 


Figure 5.6 Protocol for the command execution without data transfer 
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5.4.4 


5.4.5 


Other commands 


e READ MULTIPLE 
e SLEEP 
e = WRITE MULTIPLE 


See the description of each command. 


DMA data transfer commands 


e READ DMA 
e WRITE DMA 


Starting the DMA transfer command is the same as the READ SECTOR(S) or WRITE 
SECTOR(S) command except the point that the host initializes the DMA channel preceding the 
command issuance. 


The interrupt processing for the DMA transfer differs the following point. 


e The interrupt processing for the DMA transfer differs the following point. 


a) 


b) 
c) 
d) 


e) 


g) 


The host writes any parameters to the Features, Sector Count, Sector Number, Cylinder, 
and Device/Head register. 


The host initializes the DMA channel 
The host writes a command code in the Command register. 
The device sets the BSY bit of the Status register. 


The device asserts the DMARQ signal after completing the preparation of data transfer. 
The device asserts either the BSY bit during DMA data transfer. 


When the command execution is completed, the device clears both BSY and DRQ bits 
and asserts the INTRQ signal. Then, the host reads the Status register. 


The host resets the DMA channel. 
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Parameter write Vv Command 


Status read 


BSY | L. e 
DRDY — 
INTRQ -———— 
DRQ | 
Data transfer i [ 
Expanded 

[Single Word DMA transfer] 

DRQ = 

DMARQ —— ecc5e 

DMACK- 

IOR- or Sere 

IOW- 

Word 0 1 2 255 

[Multiword DMA transfer] 

DRQ —— 

DMARQ. —— 

DMACK- 

IOR- or eaete 

IOW- 

Word 0 1 n-1 n 
Figure 5.7. Normal DMA data transfer 
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5.5 


5.5.1 


Ultra DMA feature set 
Overview 


Ultra DMA is a data transfer protocol used with the READ DMA and WRITE DMA commands. 
When this protocol is enabled it shall be used instead of the Multiword DMA protocol when these 
commands are issued by the host. This protocol applies to the Ultra DMA data burst only. When 
this protocol is used there are no changes to other elements of the ATA protocol (e.g.:_ Command 
Block Register access). 


Several signal lines are redefined to provide new functions during an Ultra DMA burst. These 
lines assume these definitions when 1) an Ultra DMA Mode is selected, and 2) a host issues a 
READ DMA or a WRITE DMA, command requiring data transfer, and 3) the host asserts 
DMACK.-. These signal lines revert back to the definitions used for non-Ultra DMA transfers 
upon the negation of DMACK- by the host at the termination of an Ultra DMA burst. All of the 
control signals are unidirectional. DMARQ and DMACK- retain their standard definitions. 


With the Ultra DMA protocol, the control signal (STROBE) that latches data from DD (15:0) is 
generated by the same agent (either host or device) that drives the data onto the bus. Ownership of 
DD (15:0) and this data strobe signal are given either to the device during an Ultra DMA data in 
burst or to the host for an Ultra DMA data out burst. 


During an Ultra DMA burst a sender shall always drive data onto the bus, and after a sufficient 
time to allow for propagation delay, cable settling, and setup time, the sender shall generate a 
STROBE edge to latch the data. Both edges of STROBE are used for data transfers so that the 
frequency of STROBE is limited to the same frequency as the data. The highest fundamental 
frequency on the cable shall be 16.67 million transitions per second or 8.33 MHz (the same as the 
maximum frequency for PlO Mode 4 and DMA Mode 2). 


Words in the IDENTIFY DEVICE data indicate support of the Ultra DMA feature and the Ultra 
DMA Modes the device is capable of supporting. The Set transfer mode subcommand in the SET 
FEATURES command shall be used by a host to select the Ultra DMA Mode at which the system 
operates. The Ultra DMA Mode selected by a host shall be less than or equal to the fastest mode 
of which the device is capable. Only the Ultra DMA Mode shall be selected at any given time. All 
timing requirements for a selected Ultra DMA Mode shall be satisfied. Devices supporting Ultra 
DMA Mode 2 shall also support Ultra DMA Modes 0 and 1. Devices supporting Ultra DMA 
Mode | shall also support Ultra DMA Mode 0. 


An Ultra DMA capable device shall retain its previously selected Ultra DMA Mode after 
executing a Software reset sequence. An Ultra DMA capable device shall clear any previously 
selected Ultra DMA Mode and revert to its default non-Ultra DMA Modes after executing a Power 
on or hardware reset. 


Both the host and device perform a CRC function during an Ultra DMA burst. At the end of an 
Ultra DMA burst the host sends the its CRC data to the device. The device compares its CRC data 
to the data sent from the host. If the two values do not match the device reports an error in the 
error register at the end of the command. If an error occurs during one or more Ultra DMA bursts 
for any one command, at the end of the command, the device shall report the first error that 
occurred. 
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5.5.2 


5.5.3 


5.5.3.1 


Phases of operation 


An Ultra DMA data transfer is accomplished through a series of Ultra DMA data in or data out 
bursts. Each Ultra DMA burst has three mandatory phases of operation: the initiation phase, the 
data transfer phase, and the Ultra DMA burst termination phase. In addition, an Ultra DMA burst 
may be paused during the data transfer phase (see 5.5.3 and 5.5.4 for the detailed protocol 
descriptions for each of these phases, 5.6.4 defines the specific timing requirements). In the 
following rules DMARDY- is used in cases that could apply to either DDMARDY- or 
HDMARDY-, and STROBE is used in cases that could apply to either DSTROBE or HSTROBE. 
The following are general Ultra DMA rules. 


a) An Ultra DMA burst is defined as the period from an assertion of DMACK- by the host to the 
subsequent negation of DMACK-. 


b) A recipient shall be prepared to receive at least two data words whenever it enters or resumes 
an Ultra DMA burst. 

Ultra DMA data in commands 

Initiating an Ultra DMA data in burst 


The following steps shall occur in the order they are listed unless otherwise specifically allowed 
(see 5.6.4.1 and 5.6.4.2 for specific timing requirements): 


1) The host shall keep DMACK- in the negated state before an Ultra DMA burst is initiated. 


2) The device shall assert DMARQ to initiate an Ultra DMA burst. After assertion of DMARQ 
the device shall not negate DMARQ until after the first negation of DSTROBE. 


3) Steps (3), (4) and (5) may occur in any order or at the same time. The host shall assert STOP. 
4) The host shall negate HODMARDY-. 


5) The host shall negate CSO-, CS1-, DA2, DA1, and DAO. The host shall keep CSO-, CS1-, 
DA2, DA1, and DAO negated until after negating DMACK- at the end of the burst. 


6) Steps (3), (4) and (5) shall have occurred at least tack before the host asserts DMACK-. The 
host shall keep DMACK- asserted until the end of an Ultra DMA burst. 


7) The host shall release DD (15:0) within t,z after asserting DMACK-. 


8) The device may assert DSTROBE tyzjorpy after the host has asserted DMACK-. Once the 
device has driven DSTROBE the device shall not release DSTROBE until after the host has 
negated DMACK- at the end of an Ultra DMA burst. 


9) The host shall negate STOP and assert HOMARDY- within tgyy after asserting DMACK-. 
After negating STOP and asserting HDMARDY., the host shall not change the state of either 
signal until after receiving the first transition of DSTROBE from the device (i.e., after the first 
data word has been received). 


10) The device shall drive DD (15:0) no sooner than tzap after the host has asserted DMACK-, 
negated STOP, and asserted HDMARDY-. 
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5.5.3.2 


5.5.3.3 


11) The device shall drive the first word of the data transfer onto DD (15:0). This step may occur 
when the device first drives DD (15:0) in step (10). 


12) To transfer the first word of data the device shall negate DSTROBE within tps after the host 
has negated STOP and asserted HDMARDY-. The device shall negate DSTROBE no sooner 
than tpys after driving the first word of data onto DD (15:0). 


The data in transfer 


The following steps shall occur in the order they are listed unless otherwise specifically allowed 
(see 5.6.4.3 and 5.6.4.2): 


1) The device shall drive a data word onto DD (15:0). 

2) The device shall generate a DSTROBE edge to latch the new word no sooner than tpys after 
changing the state of DD (15:0). The device shall generate a DSTROBE edge no more 
frequently than tcyc for the selected Ultra DMA Mode. The device shall not generate two 
rising or two falling DSTROBE edges more frequently than 2tcyc for the selected Ultra DMA 


mode. 


3) The device shall not change the state of DD (15:0) until at least tpyq after generating a 
DSTROBE edge to latch the data. 


4) The device shall repeat steps (1), (2) and (3) until the data transfer is complete or an Ultra 
DMA burst is paused, whichever occurs first. 
Pausing an Ultra DMA data in burst 


The following steps shall occur in the order they are listed unless otherwise specifically allowed 
(see 5.6.4.4 and 5.6.4.2 for specific timing requirements). 


a) Device pausing an Ultra DMA data in burst 


1) The device shall not pause an Ultra DMA burst until at least one data word of an Ultra 
DMA burst has been transferred. 


2) The device shall pause an Ultra DMA burst by not generating DSTROBE edges. 
NOTE - The host shall not immediately assert STOP to initiate Ultra DMA burst 
termination when the device stops generating STROBE edges. If the device does not 
negate DMARQ, in order to initiate ULTRA DMA burst termination, the host shall 
negate HODMARDY- and wait tgp before asserting STOP. 
3) The device shall resume an Ultra DMA burst by generating a DSTROBE edge. 
b) Host pausing an Ultra DMA data in burst 


1) The host shall not pause an Ultra DMA burst until at least one data word of an Ultra 
DMA burst has been transferred. 


2) The host shall pause an Ultra DMA burst by negating HDMARDY-. 
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3) 


4) 


5) 


The device shall stop generating DSTROBE edges within tgrs of the host negating 
HDMARDY-.. 


If the host negates HDMARDY- within tsp after the device has generated a DSTROBE 
edge, then the host shall be prepared to receive zero or one additional data words. If the 
host negates HDMARDY- greater than tspr after the device has generated a DSTROBE 
edge, then the host shall be prepared to receive zero, one or two additional data words. 
The additional data words are a result of cable round trip delay and tprs timing for the 
device. 


The host shall resume an Ultra DMA burst by asserting HDMARDY-. 


5.5.3.4 Terminating an Ultra DMA data in burst 


a) Device terminating an Ultra DMA data in burst 


The following steps shall occur in the order they are listed unless otherwise specifically 
allowed (see 5.6.4.5 and 5.6.4.2 for specific timing requirements): 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


9) 


The device shall initiate termination of an Ultra DMA burst by not generating DSTROBE 
edges. 


The device shall negate DMARQ no sooner than tgs after generating the last DSTROBE 
edge. The device shall not assert DMARQ again until after the Ultra DMA burst is 
terminated. 


The device shall release DD (15:0) no later than taz after negating DMARQ. 


The host shall assert STOP within t,; after the device has negated DMARQ. The host 
shall not negate STOP again until after the Ultra DMA burst is terminated. 


The host shall negate HODMARDY- within t,; after the device has negated DMARQ. The 
host shall continue to negate HDMARDY- until the Ultra DMA burst is terminated. 
Steps (4) and (5) may occur at the same time. 


The host shall drive DD (15:0) no sooner than tzay after the device has negated DMARQ. 
For this step, the host may first drive DD (15:0) with the result of its CRC calculation (see 
5.5.5): 


If DSTROBE is negated, the device shall assert DSTROBE within t,; after the host has 
asserted STOP. No data shall be transferred during this assertion. The host shall ignore 
this transition on DSTROBE. DSTROBE shall remain asserted until the Ultra DMA 
burst is terminated. 


If the host has not placed the result of its CRC calculation on DD (15:0) since first driving 
DD (15:0) during (6), the host shall place the result of its CRC calculation on DD (15:0) 
(see 5.5.5). 


The host shall negate DMACK- no sooner than ty; after the device has asserted 
DSTROBE and negated DMARQ and the host has asserted STOP and negated 
HDMARDY-, and no sooner than tpys after the host places the result of its CRC 
calculation on DD (15:0). 
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b) 


10) 


The device shall latch the host's CRC data from DD (15:0) on the negating edge of 
DMACE.. 


11) The device shall compare the CRC data received from the host with the results of its own 


12) 


13) 


14) 


CRC calculation. If a miscompare error occurs during one or more Ultra DMA bursts for 
any one command, at the end of the command the device shall report the first error that 
occurred (see 5.5.5). 


The device shall release DSTROBE within tiorpyz after the host negates DMACK-. 


The host shall not negate STOP no assert HDMARDY- until at least tack after negating 
DMACE.-.. 


The host shall not assert DIOR-, CSO-, CS1-, DA2, DA1, or DAO until at least tac, after 
negating DMACK. 


Host terminating an Ultra DMA data in burst 


The following steps shall occur in the order they are listed unless otherwise specifically 
allowed (see 5.6.4.6 and 5.6.4.2 for specific timing requirements): 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


9) 


The host shall not initiate Ultra DMA burst termination until at least one data word of an 
Ultra DMA burst has been transferred. 


The host shall initiate Ultra DMA burst termination by negating HDMARDY-. The host 
shall continue to negate HODMARDY- until the Ultra DMA burst is terminated. 


The device shall stop generating DSTROBE edges within tgrs of the host negating 
HDMARDY-.. 


If the host negates HDMARDY- within tsp after the device has generated a DSTROBE 
edge, then the host shall be prepared to receive zero or one additional data words. If the 
host negates HDMARDY- greater than tsp after the device has generated a DSTROBE 
edge, then the host shall be prepared to receive zero, one or two additional data words. 
The additional data words are a result of cable round trip delay and trrs timing for the 
device. 


The host shall assert STOP no sooner than tgp after negating HDMARDY-. The host 
shall not negate STOP again until after the Ultra DMA burst is terminated. 


The device shall negate DMARQ within t,; after the host has asserted STOP. The device 
shall not assert DMARQ again until after the Ultra DMA burst is terminated. 


If DSTROBE is negated, the device shall assert DSTROBE within t,; after the host has 
asserted STOP. No data shall be transferred during this assertion. The host shall ignore 
this transition on DSTROBE. DSTROBE shall remain asserted until the Ultra DMA 
burst is terminated. 


The device shall release DD (15:0) no later than t,z after negating DMARQ. 
The host shall drive DD (15:0) no sooner than tzay after the device has negated DMARQ. 


For this step, the host may first drive DD (15:0) with the result of its CRC calculation (see 
5.5.5). 
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5.5.4 


5.5.4.1 


10) Ifthe host has not placed the result of its CRC calculation on DD (15:0) since first driving 
DD (15:0) during (9), the host shall place the result of its CRC calculation on DD (15:0) 
(see 5.5.5). 


11) The host shall negate DMACK- no sooner than tyr; after the device has asserted 
DSTROBE and negated DMARQ and the host has asserted STOP and negated 
HDMARDY-, and no sooner than tpvs after the host places the result of its CRC 
calculation on DD (15:0). 


12) The device shall latch the host's CRC data from DD (15:0) on the negating edge of 
DMACE.. 


13) The device shall compare the CRC data received from the host with the results of its own 
CRC calculation. If a miscompare error occurs during one or more Ultra DMA burst for 
any one command, at the end of the command, the device shall report the first error that 
occurred (see 5.5.5). 


14) The device shall release DSTROBE within tiorpyz after the host negates DMACK-. 


15) The host shall neither negate STOP nor assert HDMARDY- until at least tack after the 
host has negated DMACK-. 


16) The host shall not assert DIOR-, CSO-, CS1-, DA2, DA1, or DAO until at least tacx after 
negating DMACK. 


Ultra DMA data out commands 


Initiating an Ultra DMA data out burst 


The following steps shall occur in the order they are listed unless otherwise specifically allowed 
(see 5.6.4.7 and 5.6.4.2 for specific timing requirements): 


1) 
2) 
3) 
4) 


5) 


6) 


7) 


8) 


The host shall keep DMACK- in the negated state before an Ultra DMA burst is initiated. 

The device shall assert DMARQ to initiate an Ultra DMA burst. 

Steps (3), (4), and (5) may occur in any order or at the same time. The host shall assert STOP. 
The host shall assert HSTROBE. 


The host shall negate CSO-, CS1-, DA2, DAI, and DAO. The host shall keep CSO-, CS1-, 
DA2, DAI, and DAO negated until after negating DMACK- at the end of the burst. 


Steps (3), (4), and (5) shall have occurred at least tacx before the host asserts DMACK-. The 
host shall keep DMACK- asserted until the end of an Ultra DMA burst. 


The device may negate DDMARDY- tzjorpy after the host has asserted DMACK-. Once the 
device has negated DDMARDY., the device shall not release DDMARDY- until after the host 
has negated DMACK- at the end of an Ultra DMA burst. 


The host shall negate STOP within tgny after asserting DMACK-. The host shall not assert 
STOP until after the first negation of HSTROBE. 
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5.5.4.2 


5.5.4.3 


9) The device shall assert DDMARDY- within t,; after the host has negated STOP. After 
asserting DMARQ and DDMARDY- the device shall not negate either signal until after the 
first negation of HSTROBE by the host. 


10) The host shall drive the first word of the data transfer onto DD (15:0). This step may occur 
any time during Ultra DMA burst initiation. 


11) To transfer the first word of data: the host shall negate HSTROBE no sooner than t,; after the 
device has asserted DDMARDY-. The host shall negate HSTROBE no sooner than tpys after 
the driving the first word of data onto DD (15:0). 


The data out transfer 


The following steps shall occur in the order they are listed unless otherwise specifically allowed 
(see 5.6.4.8 and 5.6.4.2 for specific timing requirements): 


1) The host shall drive a data word onto DD (15:0). 

2) The host shall generate an HSTROBE edge to latch the new word no sooner than tpys after 
changing the state of DD (15:0). The host shall generate an HSTROBE edge no more 
frequently than tcyc for the selected Ultra DMA Mode. The host shall not generate two rising 
or falling HSTROBE edges more frequently than 2 tcyc for the selected Ultra DMA mode. 


3) The host shall not change the state of DD (15:0) until at least tpyy after generating an 
HSTROBE edge to latch the data. 


4) The host shall repeat steps (1), (2) and (3) until the data transfer is complete or an Ultra DMA 
burst is paused, whichever occurs first. 
Pausing an Ultra DMA data out burst 


The following steps shall occur in the order they are listed unless otherwise specifically allowed 
(see 5.6.4.9 and 5.6.4.2 for specific timing requirements). 


a) Host pausing an Ultra DMA data out burst 


1) The host shall not pause an Ultra DMA burst until at least one data word of an Ultra 
DMA burst has been transferred. 


2) The host shall pause an Ultra DMA burst by not generating an HSTROBE edge. 
Note: The device shall not immediately negate DMARQ to initiate Ultra DMA burst 
termination when the host stops generating HSTROBE edges. If the host does not assert 
STOP, in order to initiate Ultra DMA burst termination, the device shall negate 
DDMARDY- and wait trp before negating DMARQ. 
3) The host shall resume an Ultra DMA burst by generating an HSTROBE edge. 
b) Device pausing an Ultra DMA data out burst 


1) The device shall not pause an Ultra DMA burst until at least one data word of an Ultra 
DMA burst has been transferred. 
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2) 


3) 


4) 


5) 


The device shall pause an Ultra DMA burst by negating DDMARDY-. 


The host shall stop generating HSTROBE edges within tgrs of the device negating 
DDMARDY-.. 


If the device negates DDMARDY- within tsp after the host has generated an HSTROBE 
edge, then the device shall be prepared to receive zero or one additional data words. If 
the device negates DDMARDY- greater than tsp after the host has generated an 
HSTROBE edge, then the device shall be prepared to receive zero, one or two additional 
data words. The additional data words are a result of cable round trip delay and trps 
timing for the host. 


The device shall resume an Ultra DMA burst by asserting DDMARDY-. 


5.5.4.4 Terminating an Ultra DMA data out burst 


a) Host terminating an Ultra DMA data out burst 


The following stops shall occur in the order they are listed unless otherwise specifically 
allowed (see 5.6.4.10 and 5.6.4.2 for specific timing requirements): 


1) 


2) 


3) 


A) 


5) 


6) 


7) 


8) 


9) 


The host shall initiate termination of an Ultra DMA burst by not generating HSTROBE 
edges. 


The host shall assert STOP no sooner than tgs after it last generated an HSTROBE edge. 
The host shall not negate STOP again until after the Ultra DMA burst is terminated. 


The device shall negate DMARQ within t,; after the host asserts STOP. The device shall 
not assert DMARQ again until after the Ultra DMA burst is terminated. 


The device shall negate DDMARDY- with t,; after the host has negated STOP. The 
device shall not assert DDMARDY- again until after the Ultra DMA burst termination is 
complete. 


If HSTROBE is negated, the host shall assert HSTROBE with t,; after the device has 
negated DMARQ. No data shall be transferred during this assertion. The device shall 
ignore this transition on HSTROBE. HSTROBE shall remain asserted until the Ultra 
DMA burst is terminated. 


The host shall place the result of its CRC calculation on DD (15:0) (see 5.5.5) 


The host shall negate DMACK- no sooner than ty, ; after the host has asserted HSTROBE 
and STOP and the device has negated DMARQ and DDMARDY.-, and no sooner than 
tpvs after placing the result of its CRC calculation on DD (15:0). 


The device shall latch the host's CRC data from DD (15:0) on the negating edge of 
DMACE.. 


The device shall compare the CRC data received from the host with the results of its own 
CRC calculation. If a miscompare error occurs during one or more Ultra DMA bursts for 
any one command, at the end of the command, the device shall report the first error that 
occurred (see 5.5.5). 
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b) 


10) 


11) 


12) 


The device shall release DDMARDY- within trorpyz after the host has negated DMACK-. 


The host shall neither negate STOP nor negate HSTROBE until at least tack after 
negating DMACK-. 


The host shall not assert DIOW-, CSO-, CS1-, DA2, DA1, or DAO until at least tacx after 
negating DMACK. 


Device terminating an Ultra DMA data out burst 


The following steps shall occur in the order they are listed unless otherwise specifically 
allowed (see 5.6.4.11 and 5.6.4.2 for specific timing requirements): 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


9) 


10) 


11) 


12) 


The device shall not initiate Ultra DMA burst termination until at least one data word of 
an Ultra DMA burst has been transferred. 


The device shall initiate Ultra DMA burst termination by negating DDMARDY-. 


The host shall stop generating an HSTROBE edges within tgrs of the device negating 
DDMARDY-.-. 


If the device negates DDMARDY- within tsz after the host has generated an HSTROBE 
edge, then the device shall be prepared to receive zero or one additional data words. If 
the device negates DDMARDY- greater than tsp after the host has generated an 
HSTROBE edge, then the device shall be prepared to receive zero, one or two additional 
data words. The additional data words are a result of cable round trip delay and trps 
timing for the host. 


The device shall negate DMARQ no sooner than trp after negating DDMARDY-. The 
device shall not assert DMARQ again until after the Ultra DMA burst is terminated. 


The host shall assert STOP with t,; after the device has negated DMARQ. The host shall 
not negate STOP again until after the Ultra DMA burst is terminated. 


If HSTROBE is negated, the host shall assert HSTROBE with t,; after the device has 
negated DMARQ. No data shall be transferred during this assertion. The device shall 
ignore this transition of HSTROBE. HSTROBE shall remain asserted until the Ultra 
DMA burst is terminated. 


The host shall place the result of its CRC calculation on DD (15:0) (see 5.5.5). 
The host shall negate DMACK- no sooner than tyr; after the host has asserted HSTROBE 
and STOP and the device has negated DMARQ and DDMARDY.-, and no sooner than 


tpvs after placing the result of its CRC calculation on DD (15:0). 


The device shall latch the host's CRC data from DD (15:0) on the negating edge of 
DMACE.. 


The device shall compare the CRC data received from the host with the results of its own 
CRC calculation. If a miscompare error occurs during one or more Ultra DMA bursts for 
any one command, at the end of the command, the device shall report the first error that 


occurred (see 5.5.5). 


The device shall release DDMARDY- within trorpyz after the host has negated DMACK-. 
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5.5.5 


13) The host shall neither negate STOP nor HSTROBE until at least tack after negating 
DMACE.. 


14) The host shall not assert DIOW-, CSO-, CS1-, DA2, DA1, or DAO until at least tacx after 
negating DMACK. 


Ultra DMA CRC rules 


The following is a list of rules for calculating CRC, determining if a CRC error has occurred 
during an Ultra DMA burst, and reporting any error that occurs at the end of a command. 


a) 
b) 


c) 


d) 


e) 


g) 


h) 


9) 


Both the host and the device shall have a 16-bit CRC calculation function. 
Both the host and the device shall calculate a CRC value for each Ultra DMA burst. 


The CRC function in the host and the device shall be initialized with a seed of 4ABAh at the 
beginning of an Ultra DMA burst before any data is transferred. 


For each STROBE transition used for data transfer, both the host and the device shall calculate 
a new CRC value by applying the CRC polynomial to the current value of their individual 
CRC functions and the word being transferred. CRC is not calculated for the return of 
STROBE to the asserted state after the Ultra DMA burst termination request has been 
acknowledged. 


At the end of any Ultra DMA burst the host shall send the results of its CRC calculation 
function to the device on DD (15:0) with the negation of DMACK-. 


The device shall then compare the CRC data from the host with the calculated value in its own 
CRC calculation function. If the two values do not match, the device shall save the error and 
report it at the end of the command. A subsequent Ultra DMA burst for the same command 
that does not have a CRC error shall not clear an error saved from a previous Ultra DMa burst 
in the same command. If a miscompare error occurs during one or more Ultra DMA bursts for 
any one command, at the end of the command, the device shall report the first error that 
occurred. 


For READ DMA or WRITE DMA commands: When a CRC error is detected, it shall be 
reported by setting both ICRC and ABRT (bit 7 and bit 2 in the Error register) to one. ICRC is 
defined as the "Interface CRC Error" bit. The host shall respond to this error by re-issuing the 
command. 


A host may send extra data words on the last Ultra DMA burst of a data out command. If a 
device determines that all data has been transferred for a command, the device shall terminate 
the burst. A device may have already received more data words than were required for the 
command. These extra words are used by both the host and the device to calculate the CRC, 
but, on an Ultra DMA data out burst, the extra words shall be discarded by the device. 


The CRC generator polynomial is: G(X) = X16+ X12+ X5+41. 
Note: Since no bit clock is available, the recommended approach for calculating CRC is to use 
a word clock derived from the bus strobe. The combinational logic shall then be equivalent to 


shifting sixteen bits serially through the generator polynominal where DDO is shifted in first 
and DD15 is shifted in last. 
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5.5.6 


Series termination required for Ultra DMA 

Series termination resistors are required at both the host and the device for operation in any of the 
Ultra DMA Modes. The following table describes recommended values for series termination at 
the host and the device. 


Table 5.11 Recommended series termination for Ultra DMA 


Signal Host Termination 


Note: Only those signals requiring termination are listed in this table. If a signal 
is not listed, series termination is not required for operation in an Ultra DMA 
Mode. For signals also requiring a pull-up or pull-down resistor at the host see 
Figure 5.8. 


Figure 5.8 Ultra DMA termination with pull-up or pull-down 
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5.6 


5.6.1 


Timing 
PIO data transfer 


Figure 5.9 shows of the data transfer timing between the device and the host system. 
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Figure 5.9 PIO data transfer timing 
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5.6.2. Single word DMA data transfer 


Figure 5.10 show the single word DMA data transfer timing between the device and the host 


system. 
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Figure 5.10 Single word DMA data transfer timing 
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5.6.3. Multiword data transfer 


Figure 5.11 shows the multiword DMA data transfer timing between the device and the host 


system. 
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Figure 5.11 Multiword DMA data transfer timing (mode 2) 
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5.6.4 Ultra DMA data transfer 
Figures 5.12 through 5.21 define the timings associated with all phases of Ultra DMA bursts. 
Table 5.12 contains the values for the timings for each of the Ultra DMA Modes. 

5.6.4.1 Initiating an Ultra DMA data in burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) 
tul 
DMACK- 
(host) 
t 
tack tenv - 
t 
STOP ed we 
(host) -+------- + 
t tes 
HDMARDY- ~~~ ----~— = B 
(host) ~ a 
tzap 
tziorDY 
DSTROBE 
(device) - 
taz tvos tov 
BOATS PL ALAA IR TIT III 
DD(15:0) = XIE DE PEK DEDEDE, CXKKK KKK 
tack 


DAO, DA1, DA2, y 
DCO OLO. 


Note: The definitions for the STOP, HDMARDY and DSTROBE signal lines are not in effect 
until DMARQ and DMACK are asserted. 


Figure 5.12 Initiating an Ultra DMA data in burst 
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5.6.4.2 Ultra DMA data burst timing requirements 


Table 5.12 Ultra DMA data burst timing requirements 


NAME MODE 0 MODE | MODE 2 COMMENT 
(in ns) ae eee a Era 


| MIN | | MIN | | MAX | 


SE time (from STROBE edge to 
STROBE edge) 


Two cycle time (from rising edge to next 
rising edge or from falling edge to next 
falling edge of STROBE) 


Raita Data setup time (at recipient) 
zai Data hold time (at recipient) 


Data valid setup time at sender (from data 
bus being valid until STROBE edge) 
Data valid hold time at sender (from 


STROBE edge until data may become 
invalid) 


First STROBE time (for device to first 
negate DSTROBE from STOP during a 
data in burst) 


Limited interlock time (see Note 1) 
Interlock time with minimum (see Note 1) 


Te 
aS 
Piso [a 
of [2 
a 


tut 


Maximum time allowed for output drivers 
to release (from being asserted or negated) 


ot 
le 
n 


| | Minimum delay time required for output 
— to assert or negate (from released 
state) 


Envelope time (from DMACK- to STOP 
and HODMARDY- during data in burst 
initiation and from DMACK to STOP 
during data out burst initiation) 


STROBE-to-DMARDY-time (if 
DMARDY- is negated before this long after 
STROBE edge, the recipient shall receive 
no more than one additional data word) 


oo 
n 
nw 


Ready-to-final-STROBE time (no STROBE 
edges shall be sent this long after negation 
of DMARDY) 


Ready-to-pause time (that recipient shall 
wait to initiate pause after negating 
DMARDY-) 


o 
ys) 
las) 


| MIN | MAX | 
Gs 
ef eh 
ne ee ee 
sea ee 
atte 
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NAME MODE 0 MODE | MODE 2 COMMENT 
(in ns) (in ns) (in ns) 


Pas [max [as [ie Poin [wax 


tlorpyz 20 20 20 Pull-up time before allowing IORDY to be 
released 

tziorpy Minimum time device shall wait before 
driving IORDY 

tack 20 20 20 Setup and hold times for DMACK- (before 
assertion or negation) 


tss 50 Time from STROBE edge to negation of 
DMARQ or assertion of STOP (when 
sender terminates a burst) 


Notes: 


1) tu, tw and t, indicate sender -to-recipient or recipient-to-sender interlocks, that is, one agent (either 
sender or recipient) is waiting for the other agent to respond with a signal before proceeding. ty; is an 
unlimited interlock, that has no maximum time value. ty; 1s a limited time-out that has a defined 
minimum. t,;1s a limited time-out, that has a defined maximum. 


2) All timing parameters are measured at the connector of the device to which the parameter applies. For 
example, the sender shall stop generating STROBE edges tggs after the negation of DMARDY-. Both 
STROBE and DMARDY- timing measurements are taken at the connector of the sender. 


3) All timing measurement switching points (low to high and high to low) are to be taken at 1.5 V. 
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5.6.4.3 Sustained Ultra DMA data in burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DSTROBE 
at device 


DD(15:0) 
at device 


DSTROBE 
at host 


DD(15:0) 
at host 


ak 
OOOO POOOOOOXK KOOKS 


Note: DD (15:0) and DSTROBE are shown at both the host and the device to emphasize that 
cable setting time as well as cable propagation delay shall not allow the data signals to be 
considered stable at the host until some time after they are driven by the device. 


Figure 5.13 Sustained Ultra DMA data in burst 
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5.6.4.4 Host pausing an Ultra DMA data in burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) 


DMACK- 
(host) 


STOP ES 
(host) 


HDMARDY- 
(host) 


DSTROBE 
(device) 


(doves) XXXXXXX__XXXXXXK XX KXXKXXK 


Notes: 


1) The host may assert STOP to request termination of the Ultra DMA burst no sooner than tgp 
after HDMARDY- is negated. 


2) If the tsp timing is not satisfied, the host may receive zero, one or two more data words from the 
device. 


Figure 5.14 Host pausing an Ultra DMA data in burst 
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5.6.4.5 Device terminating an Ultra DMA data in burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) 


DMACKk- 
(host) 


(host) SSeSS5 
tack 
HOMARDY- a aan 


(host) 


DSTROBE 
(device) 


DD(15:0) 
tack 
DAO, DA1, DA2, 
CS0-, CS1- 


Note: The definitions for the STOP, HDMARDY and DSTROBE signal lines are no longer in 
effect after DMARQ and DMACK are negated. 


Figure 5.15 Device terminating an Ultra DMA data in burst 
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5.6.4.6 Host terminating an Ultra DMA data in burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) 


tu tu ———_ 


DMACK- 
(host) tzan 


STOP 
(host) Noy ht 


*— tack 
HDMARDY- So 


(host) 
i, fe 
tT 
Vi 


oe Ei he 
(device) 
a ee 
KK KKK KKK xx SERRE 


DD(15:0) CXX CRC -63e3 


tack 
DAO, DA1, DA2, 
CS0-, CS1- 


Note: The definitions for the STOP, HDMARDY and DSTROBE signal lines are no longer in 
effect after DMARQ and DMACK are negated. 


tu 
tiorvyz 


Figure 5.16 Host terminating an Ultra DMA data in burst 
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5.6.4.7 Initiating an Ultra DMA data out burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) ————-” 
tul 


DMACK- 
(host) 


tziorDy 


DDMARDY- 
(device) 


(host) 


DAO, DA1, DA2, 
CS0-, CS1- 


Note: The definitions for the STOP, DDMARDY and HSTROBE signal lines are not in effect 
until DMARQ and DMACK are asserted. 


Figure 5.17 Initiating an Ultra DMA data out burst 
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5.6.4.8 Sustained Ultra DMA data out burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


HSTROBE 
at host 


DD(15:0) 
at host 


HSTROBE 
at device 


DD(15:0) 
at device 


Note: DD (15:0) and HSTROBE signals are shown at both the device and the host to emphasize 
that cable setting time as well as cable propagation delay shall not allow the data signals to 
be considered stable at the device until some time after they are driven by the host. 


Figure 5.18 Sustained Ultra DMA data out burst 
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5.6.4.9 Device pausing an Ultra DMA data out burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


tre 
DMARQ 
(device) nom 


DMACK- 
(host) 


STOP 
(host) 


tsr 
DDMARDY- ES 
(device) 


tres 
HSTROBE 
(host) 


DD(15:0) 
(host) 


XXXXXX___ KX KKXXXK___XXXKXKKXX 
Notes: 


1) The device may negate DMARQ to request termination of the Ultra DMA burst no sooner than 
trp after DDMARDY- is negated. 


2) If the tsp timing is not satisfied, the device may receive zero, one or two more data words from 
the host. 


Figure 5.19 Device pausing an Ultra DMA data out burst 
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5.6.4.10 Host terminating an Ultra DMA data out burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) 


DMACK- 
(host) 


STOP 
(host) 


DDMARDY- 
(device) 


HSTROBE 
(host) 


DD(15:0) 
(host) 


= 
c 


tss 


tu 


tui 


tovs 


tack 


trorpyz 


tack 


; 4 rae Zs XN Rie ay Sia 
KXXKXKKXKK KKK KKK GRE SERENE: 


DAO, DA1, DA2, 


CS0-, CS1- 


Note: The definitions for the STOP, DDMARDY and HSTROBE signal lines are no longer in 


effect after DMARQ and DMACK are negated. 


Figure 5.20 Host terminating an Ultra DMA data out burst 
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5.6.4.11 Device terminating an Ultra DMA data in burst 


5.6.4.2 contains the values for the timings for each of the Ultra DMA Modes. 


DMARQ 
(device) 


DMACKk- 
(host) 


tack 


STOP 
(host) a 


trp tiorpyz 
DDMARDY- f 


(device) 
tres 


tu tu tack 


HSTROBE 7 
a 


(host) 
tovs tov 


"host, — XX XXX DOOOOOOOOOON ERE PHO 


tack 
DAO, DA1, DA2, 
CS0-, CS1- 


Note: The definitions for the STOP, DDMARDY and HSTROBE signal lines are no longer in 
effect after DMARQ and DMACK are negated. 


Figure 5.21 Device terminating an Ultra DMA data out burst 
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5.6.5 Power-on and reset 


Figure 5.22 shows power-on and reset (hardware and software reset) timing. 


(1) Only master device is present 
\/Clear Reset *1 
Power-on i 
RESET- <—tM—. 
Software reset : 
—»tN «— 
BS vceescyatml* 4 
Dey a hatacncadead eatiee 
<—tP > 


*1: Reset means including Power-on-Reset, Hardware Reset (RESET-), and Software Reset. 


(2) Master and slave devices are present (2-drives configuration) 
\/Clear Reset 
[Master device] aig tN = 
BO recente eiital tag 
DASE. eoaued na | 
[Slave device] ts : 
BY pale a | 


tM Pulse width of RESET- aS | [is 
tN Time from RESET- negation to BSY set P= 400 ns 


tQ Self-diagnostics execution time ez s 
R Time from RESET- negation to DASP- assertion (slave device) zs 400 ms 
tS Duration of DASP- assertion pee NT Bir} S 


Figure 5.22 Power-on Reset Timing 


Time from RESET- negation to DASP- or DIAG- negation aa > sal tags 
eee | 
jms 
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CHAPTER 6 OPERATIONS 


6.1 
6.2 
6.3 
6.4 
6.5 
6.6 


Device Response to the Reset 
Address Translation 

Power Save 

Defect Management 
Read-Ahead Cache 

Write Cache 


6.1 Device Response to the Reset 


This section describes how the PDIAG- and DASP- signals responds when the power of the IDD is 


turned on or the IDD receives a reset or diagnostic command. 
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6.1.1 Response to power-on 


After the master device (device 0) releases its own power-on reset state, the master device shall 
check a DASP- signal for up to 450 ms to confirm presence of a slave device (device 1). The 
master device recognizes presence of the slave device when it confirms assertion of the DASP- 
signal. Then, the master device checks a PDIAG- signal to see if the slave device has successfully 
completed the power-on diagnostics. 


If the master device cannot confirm assertion of the DASP- signal within 450 ms, the master 
device recognizes that no slave device is connected. 


After the slave device (device 1) releases its own power-on reset state, the slave device shall report 
its presence and the result of power-on diagnostics to the master device as described below: 


DASP- signal: Asserted within 400 ms. 
PDIAG- signal: Negated within | ms and asserted within 30 seconds. 


Vy: Power on 


Master device 


Power On Reset- 


Status Reg. ‘ : 
BSY bit ; Max. 31 sec. p= 


by > 


* > : 
‘Checks DASP- for upto If presence of a slave device is 
450 ms. confirmed, PDIAG- is checked for 
up to 31 seconds. 


Slave device 


Power On Reset- 


BSY bit 


*—>! Max. 1 ms. 


PDIAG- - ene oa = 


Max. 30 sec. 


DASP- 


« . Max. 400 ms. 


Figure 6.1 Response to power-on 
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6.1.2 Response to hardware reset 
Response to RESET- (hardware reset through the interface) is similar to the power-on reset. 


Upon receipt of hardware reset, the master device checks a DASP- signal for up to 450 ms to 
confirm presence of a slave device. The master device recognizes the presence of the slave device 
when it confirms assertion of the DASP- signal. Then the master device checks a PDIAG- signal 
to see if the slave device has successfully completed the self-diagnostics. 


If the master device cannot confirm assertion of the DASP- signal within 450 ms, the master 
device recognizes that no slave device is connected. 


After the slave device receives the hardware reset, the slave device shall report its presence and the 
result of the self-diagnostics to the master device as described below: 


DASP- signal: Asserted within 400 ms. 
PDIAG- signal: Negated within | ms and asserted within 30 seconds. 


Reset- | 


Master device 


Status Reg. | 


BSY bit ; Max. 31 sec. : 
“ > 


“ » If presence of a slave device is 
‘Checks DASP- for up to confirmed, PDIAG- is checked for 
au me up to 31 seconds. 


Slave device 


BSY bit —s 


— Max. | ms. 


PDIAG-_ —————-—— Max. 30 sec. 


y > 
DASP- ; 
‘4 >: Max. 400 ms. 


Figure 6.2. Response to hardware reset 
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6.1.3 Response to software reset 
The master device does not check the DASP- signal for a software reset. If a slave device is 
present, the master device checks the PDIAG- signal for up to 31 seconds to see if the slave device 


has completed the self-diagnosis successfully. 


After the slave device receives the software reset, the slave device shall report its presence and the 
result of the self-diagnostics to the master device as described below: 


PDIAG- signal: negated within 1 ms and asserted within 30 seconds 


When the IDD is set to a slave device, the IDD asserts the DASP- signal when negating the 
PDIAG- signal, and negates the DASP- signal when asserting the PDIAG- signal. 


X'3F6' Reg. _ 


X"0C" iets X"00" 
Master device or X"04" 


Status Reg. | 


BSY bit Max. 31 sec. 
¢ > 
: If the slave device is preset, DASP- is checked for up to 
: 31 seconds. 


Slave device 


BSY bit __ ; 


Max. 30 sec. 


Figure 6.3 Response to software reset 
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6.1.4 


X'1F7' Reg. 
Write 


Response to diagnostic command 

When the master device receives an EXECUTE DEVICE DIAGNOSTIC command and the slave 
device is present, the master device checks the PDIAG- signal for up to 6 seconds to see if the 
slave device has completed the self-diagnosis successfully. 


The master device does not check the DASP- signal. 


After the slave device receives the EXECUTE DEVICE DIAGNOSTIC command, it shall report 
the result of the self-diagnostics to the master device as described below: 


PDIAG- signal: negated within 1 ms and asserted within 5 seconds 


When the IDD is set to a slave device, the IDD asserts the DASP- signal when negating the 
PDIAG- signal, and negates the DASP- signal when asserting the PDIAG- signal. 


Master device 


Status Reg. 


BSY bit 
: Max. 6 sec. : 
Si >, 


If the slave device is preset, DASP- signal is checked for up to 
: 6 seconds. 


Slave device 


BSY bit nee 


— Max. | ms. 


Max. 5 sec. 


Figure 6.4 Response to diagnostic command 
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6.2 


6.2.1 


Address Translation 


When the IDD receives any command which involves access to the disk medium, the IDD always 
implements the address translation from the logical address (a host-specified address) to the 
physical address (logical to physical address translation). 


Following subsections explains the CHS translation mode. 


Default parameters 


In the logical to physical address translation, the logical cylinder, head, and sector addresses are 
translated to the physical cylinder, head, and sector addresses based on the number of heads and 
the number of sectors per track which are specified with an INITIALIZE DEVICE 
PARAMETERS command. This is called as the current translation mode. 


If the number of heads and the number of sectors are not specified with an INITIALIZE DEVICE 
PARAMETERS command, the default values listed in Table 6.1 are used. This is called as the default 
translation mode. The parameters in Table 6.1 are called BIOS specification. 


Table 6.1 Default parameters 


MPA MPA MPA MPA MPA 
3052AT | 3043AT | 3035AT | 3026AT | 3017AT 


Number | Number of cylinders | | Number of cylinders | 10,850 | 850 6,780 5, 5.086 | 3390 | 390 


Number of head 15 


4,374.8 3,499.1 2,624.8 1,748.5 


As long as the formatted capacity of the IDD does not exceed the value shown on Table 6.1, the 
host can freely specify the number of cylinders, heads, and sectors per track. 


Generally, the device recognizes the number of heads and sectors per track with the INITIALIZE 
DEVICE PARAMETER command. However, it cannot recognizes the number of cylinders. In 
other words, there is no way for the device to recognize a host access area on logical cylinders. 
Thus the host should manage cylinder access to the device. 


The host can specify a logical address freely within an area where an address can be specified 
(within the specified number of cylinders, heads, and sectors per track) in the current translation 


mode. 


The host can read an addressable parameter information from the device by the IDENTIFY 
DEVICE command (Words 54 to 56). 
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6.2.2 Logical address 
(1) CHS mode 


Logical address assignment starts from physical cylinder (PC) 0, physical head (PH) 0, and 
physical sector (PS) 1 and is assigned by calculating the number of sectors per track which is 
specified by the INITIALIZE DEVICE PARAMETERS command. The head address is advanced 
at the subsequent sector from the last sector of the current physical head address. The first physical 
sector of the subsequent physical sector is the consecutive logical sector from the last sector of the 
current physical sector. 


Figure 6.5 shows an example (assuming there is no track skew). 


Physical sector 


i. 2° 3 62 63 (764 1267127 249 250 
Physical cylinder 0 
LS1 eZ LS1 Z LS1 oe a 
Physical head 0 
sted cig pee ae | tf Eo ni 
LHO LHI LH2 LH3 


i te eee 644VO eee 
a cylinder 1 Ls ae Ls Lele 
PhysicalheadO =| | | | TT 
LH3 LH4 LH5 
ex: Zone 0 


Physical parameter 
— Physical sector: 1 to 250 

Specification of INITIALIZE DEVICE PARAMETERS command 
— Logical head: LH=0Oto 15 
— Logical sector: LS = 1 to 63 


Figure 6.5 Address translation (example in CHS mode) 
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(2) 


LBA mode 

Logical address assignment in the LBA mode starts from physical cylinder 0, physical head 0, and 
physical sector 1. The logical address is advanced at the subsequent sector from the last sector of 
the current track. The first physical sector of the subsequent physical track is the consecutive 


logical sector from the last sector of the current physical track. 


Figure 6.6 shows an example of (assuming there is no track skew). 


Physical sector 


1 2 3 249 250 
Physical cylinder 0 
LBAO|LBA1 |LBA2 LBA |LBA 
Physical head 0 248 | 249 
1 2 3 249 250 
Physical cylinder 1 
LBA |LBA |LBA LBA | LBA 
Physical head 0 250) 251 [252 498 | 499 


6.3 


6.3.1 


ex: Zone 0 


Physical parameter 
— Physical sector: | to 250 


Figure 6.6 Address translation (example in LBA mode) 


Power Save 

The host can change the power consumption state of the device by issuing a power command to the 
device. 

Power save mode 


There are four types of power consumption state of the device including active mode where all 
circuits are active. 


In the power save mode, power supplying to the part of the circuit is turned off. There are three 
types of power save modes: 


e Idle mode 
e Standby mode 


e Sleep mode 


The drive moves from the Active mode to the idle mode by itself. 
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(1) 


(2) 


(3) 


Regardless of whether the power down is enabled, the device enters the idle mode. The device 
also enters the idle mode in the same way after power-on sequence is completed. 
Active mode 


In this mode, all the electric circuit in the device are active or the device is under seek, read or 
write operation. 


A device enters the active mode under the following conditions: 
e Power-on sequence is completed. 
e Acommand other than power commands is issued. 


e Reset (hardware or software) 


Idle mode 

In this mode, circuits on the device is set to power save mode. 

The device enters the Idle mode under the following conditions: 

e After completion of power-on sequence. 

e =After completion of the command execution other than SLEEP and STANDBY commands. 


e Reset (hardware or software) 


Standby mode 

In this mode, the VCM circuit is turned off and the spindle motor is stopped. 

The device can receive commands through the interface. However if a command with disk access 
is issued, response time to the command under the standby mode takes longer than the active or 
Idle mode because the access to the disk medium cannot be made immediately. 

The drive enters the standby mode under the following conditions: 

e ASTANDBY or STANDBY IMMEDIATE command is issued in the active or idle mode. 

e When automatic power down sequence is enabled, the timer has elapsed. 


e = A reset is issued in the sleep mode. 


When one of following commands is issued, the command is executed normally and the device is 
still stayed in the standby mode. 


e Reset (hardware or software) 


e STANDBY command 
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(4) 


6.3.2 


6.4 


e STANDBY IMMEDIATE command 
e =INITIALIZE DEVICE PARAMETERS command 


e CHECK POWER MODE command 


Sleep mode 

The power consumption of the drive is minimal in this mode. The drive enters only the standby 
mode from the sleep mode. The only method to return from the standby mode is to execute a 
software or hardware reset. 

The drive enters the sleep mode under the following condition: 


e A SLEEP command is issued. 


Issued commands are invalid (ignored) in this mode. 


Power commands 

The following commands are available as power commands. 
e IDLE 

e IDLE IMMEDIATE 

e STANDBY 

e STANDBY IMMEDIATE 

e SLEEP 


e CHECK POWER MODE 


Defect Management 


Defective sectors of which the medium defect location is registered in the system space are 
replaced with spare sectors in the formatting at the factory shipment. 


All the user space area are formatted at shipment from the factory based on the default parameters 
listed in Table 6.1. 


C141-E034-02EN 


6.4.1 Spare area 
Following two types of spare area are provided for every physical head. 


1) Spare cylinder for sector slip: 
used for alternating defective sectors at formatting in shipment (11 cylinders/head) 


2) Spare cylinder for alternative assignment: 
used for alternative assignment by automatic alternative assignment. (4 cylinders/head) 
6.4.2 Alternating defective sectors 


The two alternating methods described below are available: 


(1) Sector slip processing 


A defective sector is not used and is skipped and a logical sector address is assigned to the 
subsequent normal sector (physically adjacent sector to the defective sector). 


When defective sector is present, the sector slip processing is performed in the formatting. 


Figure 6.7 shows an example where (physical) sector 5 is defective on head 0 in cylinder 0. 


Index} fe, 
Sector (physical) 
ee ee a ee Re SE ge 248 249 250 
Cylinder 0 Defective 
sector 
els a eee | | SS) | (| EE ee, 
i > 3 4 5 6 7 247 248 249 


Sector (logical) 


If an access request to sector 5 is specified, the device accesses physical sector 6 instead of sector 5. 


Figure 6.7 Sector slip processing 
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(2) Alternate cylinder assignment 
A defective sector is assigned to the spare sector in the alternate cylinder. 
This processing is performed when the automatic alternate processing is performed. 


Figure 6.8 shows an example where (physical) sector 5 is detective on head 0 in cylinder 0. 


Me epee teen ent 
Sector (physical) 
1 2 3 4 5 6 7 249 250 
CylinderOf TOY ees 
efective 
sector 
HeaddO {| | | {| ff 
1 2 3 4 (unused) 6 7 248 249 
Sector (logical) 
Alternate ee 
cylinder Already 
assigned 
HeadO 


Defective sector is assigned to unassigned sector. 


4 alternate cylinders are provided for each head in zone 14 (inner side). 


When an access request to sector 5 is specified, the device accesses the alternated sector in the 
alternate cylinder instead of sector 5. When an access request to sectors next to sector 5 is 
specified, the device seeks to cylinder 0, head 0, and continues the processing. 


Figure 6.8 Alternate cylinder assignment 
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(3) 


6.5 


6.5.1 


Automatic alternate assignment 
The device performs the automatic assignment at following case. 


1) When ECC correction performance is increased during read error retry, a read error is 
recovered. 


Before automatic alternate assignment, the device performs rewriting the corrected data to the 
erred sector and rereading. If no error occurs at rereading, the automatic alternate assignment 


is not performed. 


2) When a write error occurs and the error does not recovered. 


Read-Ahead Cache 
After read command which involves read data from the disk medium is completed, the read-ahead 
cache function reads the subsequent data blocks automatically and stores the data to the data 


buffer. 


When the next command requests to read the read-ahead data, the data can be transferred from the 
data buffer without accessing the disk medium. The host can thus access data at higher speed. 


Data buffer configuration 


The drive has a 128-KB data buffer. The buffer is used by divided into three parts; for read 
commands, for write commands, and for MPU work (see Figure 6.9). 


128 KB (131,072 bytes) J 
for read commands for write commands for MPU work 
65,536 bytes (128 sectors) . 48,640 bytes (95 sectors) . 16,896 bytes i 


Figure 6.9 Data buffer configuration 


The read-ahead operation is performed at execution of the READ SECTOR(S), READ 
MULTIPLE, or READ DMA command, and read-ahead data is stored in the buffer for read 
commands. 


C141-E034-02EN 6 - 13 


6.5.2 


(1) 


(2) 


Caching operation 


Caching operation is performed only at issuance of the following commands. The device transfers 
data from the data buffer to the host system at issuance of following command if following data 
exist in the data buffer. 


All sectors to be processed by the command 
A part of data including load sector to be processed by the command 


When a part of data to be processed exist in the data buffer, remaining data are read from the 
medium and are transferred to the host system. 


Commands that are object of caching operation 


Follow commands are object of caching operation. 


READ SECTOR (S) 
READ MULTIPLE 
READ DMA 


When caching operation is disabled by the SET FEATURES command, no caching operation is 
performed. 


Data that are object of caching operation 


Follow data are object of caching operation. 


1) 


2) 


3) 


Read-ahead data read from the medium to the data buffer after completion of the command 
that are object of caching operation. 


Data transferred to the host system once by requesting with the command that are object of 
caching operation (except for the cache invalid data by some reasons). 


Remaining data in the data buffer (for write command) transferred from the host system by the 
command that writes data onto the disk medium, such as the WRITE SECTOR (S), WRITE 
DMA, WRITE MULTIPLE. 


Followings are definition of in case that the write data is treated as a cache data. However, since 
the hit check at issuance of read command is performed to the data buffer for read command 
priority, caching write data is limited to the case that the hit check is missed at the data buffer for 
read command. 


When all data requested by the read command are stored in the data buffer for write command 
(hit all), the device transfers data from the data buffer for write command. At this time, the 
read-ahead operation to the data subsequent to the requested data is not performed. 

Even if a part of data requested by the read command are stored in the data buffer for write 
command (hit partially), all data are read from the disk medium without transferring from the 
data buffer for write command. 
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(3) 


6.5.3 


() 


Invalidating caching data 
Caching data in the data buffer is invalidated in the following case. 


1) Following command is issued to the same data block as caching data. 
e =WRITE SECTOR(S) 
e WRITE DMA 
e WRITE MULTIPLE 


2) Command other than following commands is issued (all caching data are invalidated) 
READ SECTOR (S) 

READ DMA 

READ MULTIPLE 

WRITE SECTOR(S) 

WRITE MULTIPLE 

WRITE DMA 


3) Caching operation is inhibited by the SET FEATURES command. 

4) Issued command is terminated with an error. 

5) Soft reset or hard reset occurs, or power is turned off. 

6) The device enters the sleep mode. 

7) Under the state that the write data is kept in the data buffer for write command as a caching 
data, new write command is issued. (write data kept until now are invalidated) 

Usage of read segment 


This subsection explains the usage of the read segment buffer at following cases. 


Miss-hit (no hit) 


A lead block of the read-requested data is not stored in the data buffer. The requested data is read 
from the disk media. 


The read-ahead operation is performed till the buffer becomes full when the received lead sector 
address is sequential to the last sector address of previous read command. When it is not 
sequential, the drive checks that the sequential read command is executed for last received ten read 
commands. When no sequential read command is issued, the read-ahead operation is stopped 
(refer to item (2)). 
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1) Sets the host address pointer (HAP) and the disk address pointer (DAP) to the lead of segment. 


HAP 


Vv 


Segment only for read 


A 


DAP 


2) Transfers the requested data that already read to the host system with reading the requested 
data from the disk media. 


HAP 


Stores the read-requested 
data upto this point 


pod 
a | ae 


DAP 


3) After reading the requested data and transferring the requested data to the host system had 
been completed, the disk drive stops command execution without performing the read-ahead 


operation. 


HAP 


(stopped) 


1 
abaxial 77, 


{ (stopped) 
DAP 


4) Following shows the cache enabled data for next read command. 


Cache enabled data Empty area 


Start LBA 


Last LBA 
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(3) 


Sequential read 


When the disk drive receives the read command that targets the sequential address to the previous 
read command, the disk drive starts the read-ahead operation. 


a. Sequential command just after non-sequential command 


When the previously executed read command is an non-sequential command and the last sector 
address of the previous read command is sequential to the lead sector address of the received 
read command, the disk drive assumes the received command is a sequential command and 
performs the read-ahead operation after reading the requested data. 


1) At receiving the sequential read command, the disk drive sets the DAP and HAP to the 
sequential address of the last read command and reads the requested data. 


HAP 


Mis-hit data Empty data 


DAP 


2) The disk drive transfers the requested data that is already read to the host system with 
reading the requested data. 


HAP 
WA 
Mis-hit data | esitoes6a sta | Empty data 


DAP 


3) After completion of the reading and transferring the requested data to the host system, the 
disk drive performs the read-ahead operation continuously. 


HAP 


| > 

| v 

‘4 Read- E 
Mis-hit data equésted data ahead | /™Pty 

; data data 

| 

| 
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4) The disk drive performs the read-ahead operation for all area of segment with overwriting 
the requested data. Finally, the cache data in the buffer is as follows. 


HAP 


! 


Read-ahéad data 


>| 
eas +) 


Ss 


>Last LBA : Start LBA rH 


Sequential hit 

When the previously executed read command is the sequential command and the last sector 
address of the previous read command is sequential to the lead sector address of the received 
read command, the disk drive transfers the hit data in the buffer to the host system. 

The disk drive performs the read-ahead operation of the new continuous data to the empty area 
that becomes vacant by data transfer at the same time as the disk drive starts transferring data 


to the host system. 


1) In the case that the contents of buffer is as follows at receiving a read command; 


HAP (Completion of transferring requested data) 


| 


Read-ahead data DG (Ait ity 


DAP 


S 


> Last LBA: Start LBA KG 


2) The disk drive starts the read-ahead operation to the empty area that becomes vacant by 
data transfer at the same time as the disk drive starts transferring hit data. 


HAP 


‘ 
Read-ahead data New read-ahead data Y ‘Bia | 


DAP 
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(3) 


3) After completion of data transfer of hit data, the disk drive performs the read-ahead 
operation for the data area of which the disk drive transferred hit data. 


c ; 


Read-ahead data 


4) Finally, the cache data in the buffer is as follows. 


Read-ahead data 


>: 


Start LBA Last LBA 


c. Non-sequential read command just after sequential read command 


When non-sequential read command is received after executing the sequential read command 
(read-ahead operation) and more than ten non-sequential read commands are received after 
that continuously, the read-ahead operation is stopped (refer to item (1)). Processing is the 
same as item a. above 


Full hit (hit all) 


All requested data are stored in the data buffer. The disk drive starts transferring the requested 
data from the address of which the requested data is stored. After completion of command, a 
previously existed cache data before the full hit reading are still kept in the buffer, and the disk 
drive does not perform the read-ahead operation. 
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1) In the case that the contents of the data buffer is as follows for example and the previous 
command is a sequential read command, the disk drive sets the HAP to the address of which 
the hit data is stored. 


Last position at previous read command 


HAP HAP (set to hit position for data transfer) 


Last position at previous read command 


2) The disk drive transfers the requested data but does not perform the read-ahead operation. 


HAP 
| (stopped) 


Cache data iw “pal pit do WA Cache data 


3) The cache data for next read command is as follows. 


Cache data 


>: 


Start LBA Last LBA 


(4) Partially hit 


A part of requested data including a lead sector are stored in the data buffer. The disk drive starts 
the data transfer from the address of the hit data corresponding to the lead sector of the requested 
data, and reads remaining requested data from the disk media directly. The disk drive does not 
perform the read-ahead operation after data transfer. 


Following is an example of partially hit to the cache data. 


Cache data 


A 


Start LBA Last LBA 
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1) The disk drive sets the HAP to the address where the partially hit data is stored, and sets the 
DAP to the address just after the partially hit data. 


(easily it ta 4 Lack data 


DAP 


2) The disk drive starts transferring partially hit data and reads lack data from the disk media at 
the same time. However, the disk drive does not perform the read-ahead operation newly. 


HAP 
| Requested data to be transferred (stopped) 
| Cc 
g (Maat ae Y Lack data 
| A 
> 
DAP 
(stopped) 
3) The cache data for next read command is as follows. 
Cache data 
>: 
Start LBA Last LBA 
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6.6 


Write Cache 


The write cache function of the drive makes a high speed processing in the case that data to be 
written by a write command is logically sequent the data of previous command and random write 
operation is performed. 


When the drive receives a write command, the drive starts transferring data of sectors requested by 
the host system and writing on the disk medium. After transferring data of sectors requested by the 
host system, the drive generates the interrupt of command complete. Also, the drive sets the 
normal end status in the Status register. The drive continues writing data on the disk medium. 
When all data requested by the host are written on the disk medium, actual write operation is 
completed. 


The drive receives the next command continuously. If the received command is a "sequential 
write" (data to be written by a command is logically sequent to data of previous command), the 
drive starts data transfer and receives data of sectors requested by the host system. At this time, if 
the write operation of the previous command is still been executed, the drive continuously executes 
the write operation of the next command from the sector next to the last sector of the previous 
write operation. Thus, the latency time for detecting a target sector of the next command is 
eliminated. This shortens the access time. The drive generates an interrupt of command complete 
after completion of data transfer requested by the host system as same as at previous command. 
When the write operation of the previous command had been completed, the latency time occurs to 
search the target sector. 


If the received command is not a "sequential write", the drive receives data of sectors requested by 
the host system as same as "sequential write". The drive generates the interrupt of command 
complete after completion of data transfer requested by the host system. Received data is 
processed after completion of the write operation to the disk medium of the previous command. 


Even if a hard reset or soft reset is received or the write cache function is disabled by the SET 
FEATURES command during unwritten data is kept, the instruction is not executed until 
remaining unwritten data is written onto the disk medium. 


The drive uses a write data as a read cache data. When a read command is issued to the same 
address after the write command, the read operation to the disk medium is not performed. 


When an error occurs during the write operation, the drive makes retry as much as possible. If the 
error cannot be recovered by retry, the drive stops the write operation to the erred sector, and 
continues the write operation from the next sector if the write data is remained. (If the drive stacks 
a write command, for that the drive posts the command completion, next to the command that write 
operation is stopped by error occurrence.) After an error occurs at above write operation, the drive 
posts the error status to the host system at next command. (The drive does not execute this 
command, sets the error status that occurred at the write operation, and generates the interrupt for 
abnormal end. However, when the drive receives a write command after the completion of error 
processing, the drive posts the error after writing the write data of the write command.) 
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At the time that the drive has stopped the command execution after the error recovery has failed, 
the write cache function is disabled automatically. The releasing the disable state can be done by 
the SET FEATURES command. When the power of the drive is turned on after the power is 
turned off once, the status of the write cache function returns to the default state. The default state 
is “write cache enable”, and can be disable by the SET FEATURES command. 


The write cache function is operated with the following command. 


e =WRITE SECTOR(S) 
e WRITE MULTIPLE 
e WRITE DMA 


IMPORTANT 


When the write cache function is enabled, the transferred data from the 
host by the WRITE SECTOR(S) is not completely written on the disk 
medium at the time that the interrupt of command complete is 
generated. When the unrecoverable error occurs during the write 
operation, the command execution is stopped. Then, when the drive 
receives the next command, it generates an interrupt of abnormal end. 
However an interrupt of abnormal end is not generated when a write 
automatic assignment succeeds. However, since the host may issue 
several write commands before the drive generates an interrupt of 
abnormal end, the host cannot recognize that the occurred error is for 
which command generally. Therefore, it is very hard to retry the 
unrecoverable write error for the host in the write cache operation 
generally. So, take care to use the write cache function. 
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Comments concerning this manual can be directed to one of the following addresses: 


FUJITSU LIMITED FAX: 


OEM Marketing 

4-1-1, Kamikodanaka, Nakahara-Ku, Kawasaki, 
211-88, Japan 

TEL: 044-754-8632 

FAX: 044-754-8634 


FUJITSU COMPUTER PRODUCTS OF AMERICA, INC. 
2904 Orchard Parkway, San Jose, 

California 95134-2009, U.S.A. 

TEL: 1-408-432-6333 

FAX: 1-408-432-3908 


FUJITSU CANADA INC. 

2800 Matheson Blvd. East, Mississauga, Toronto, 
Ontario L4W 4X5, CANADA 

TEL: 1-905-602-5454 

FAX: 1-905-602-5457 


FUJITSU EUROPE LIMITED 

2, Longwalk Road, Stockley Park, Uxbridge, 
Middlesex UB11 1AB, ENGLAND 

TEL: 44-81-573-4444 

FAX: 44-81-573-2643 


FUJITSU DEUTSCHLAND GmbH 

Frankfurter Ring 211, 80807 Miinchen, GERMANY 
TEL: 49-89-323780 

FAX: 49-89-32378100 


FUJITSU NORDIC AB 

Kung Hans Vag, S-191 76 Sollentura, SWEDEN 
TEL: 46-(0)8-6266000 

FAX: 46-8-626-6010 


FUJITSU ITALIA S.p.A. 

Via Meichiorre Gioia, 8, 20124 Milano, ITALY 
TEL: 39-2-63651 

FAX: 39-2-6572257 


FUJITSU FRANCE S.A. 

Batiment Aristote, rue Olof Palme-94006, 
Créteil cedex, FRANCE 

TEL: 33-1-45-13-16-16 


33-1-43-99-07-00 


FUJITSU ESPANA S.A. 

C/ Almagro 40, 28010 Madrid, SPAIN 
TEL: 34-1-581-8100 

FAX: 34-1-581-8125 


FUJITSU AUSTRALIA LIMITED 

475 Victoria Avenue, Chatswood, 2067 N.S.W, AUSTRALIA 
TEL: 61-2-410-4555 

FAX: 61-2-411-8603, 8362 


FUJITSU HONG KONG LIMITED 

Room 2521, Sun Hung Kai Centre, Harbour Road 30, HONG HONG 
TEL: 852-827-5780 

FAX: 852-827-4724 


FUJITSU KOREA LIMITED 

6th Floor, Duk-Heung Bldg., 1328-10, Seocho-Dong, Seocho-Ku, 
Seoul, KOREA 

TEL: 82-2-739-3281 

FAX: 82-2-739-3294 


FUJITSU (SINGAPORE) PTE. LTD 

75 Science Park Drive, #02-06 CINTECH II, 
Singapore 0511, REPUBLIC OF SINGAPORE 
TEL: 65-777-6577 

FAX: 65-777-8794 


FUJITSU TAIWAN LTD. 

8F, Hun Tai Center Blidg., 170 Tun Hwa N. Rd., 
1st Sec., Taipei, TAIWAN R.O.C 

TEL: 886-2-545-7700 

FAX: 886-2-717-4644 
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Reader Comment Form 


We would appreciate your comments and suggestions for improving this publication. 


How did you use this publication? Is the material presented effectively? 
Learning Installing Sales Fully Well Well 
Reference Maintaining Operating covered Illustrated Organized 


is your overall rating of this publication? What is your occupation? 
Very Good Fair Very Poor 


Thank you for your interest. Please send this sheet to one of the addresses in the left page. 


